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FIELD EVALUATION OF A PASSIVE SAMPLING DEVICE
FOR HYDRAZINES IN AMBIENT AIR

INTRODUCTION

The potential carcinogenicity of hydrazine (Hz), monomethyihydrazine (MMH), and

unsymmetrical dimethyihydrazine (UDMH) has caused concern for the health and safety of the

workers who may be exposed to them. For brevity the term "hydrazines" in this report is used to
mean any of these three hydrazines. The chemical structures of these compounds and their ACGIH
[1], NIOSH [2], and proposed [3] recommended exposure limits are listed in Table 1.

Table 1. Recommended Exposure Levels for Hydrazine Propellants

Compound Structure ACGIH NIOSH Proposed

H, )I
Hydrazine H,'-NNH  0.1 ppm 0.03 ppm 0.01 ppm

Monomethyl . ,CF 0.2 ppm 0.04 ppm 0.01 ppm
Hydrazine f-N'H

Unsymmetrical H,'f._N C:F0.5 ppm 0.06 ppm 0.01 ppm
Dimethylhydrazine N" "tH3

Monitoring of personnel exposure and the work place environment is necessary to insure that
exposure remains below the defined limit and to comply with regulations issued in the Occupational
Safety and Health Act of 1970. Two approaches to accomplish this monitoring have been developed
by our group--passive sampling and real-time colorimetric dosimetry. Each procedure has
advantages and disadvantages. The passive sampler traps and stabilizes the hydrazine for later
quantitative analysis; however, it cannot warn the personnel of exposure in real-time. The
colorimetric dosimeter provides real-time measurements and can warn personnel of a hazardous
condition.

Because the colorimetric dosimeter is directly exposed to the atmosphere its sampling rate
depends upon the motion of the air in front of it. A color indicator could be placed behind a
diffusion barrier but this would reduce its sensitivity by an order of magnitude making it difficult
to read. Thus it is not possible to correlate the exposure of the indicator to the actual concentration
in the atmosphere with any certainty. Ideally the colorimetric and the passive systems could be
combined onto one badge that could provide an immediate warning and q quantitative record for
documentation. Before that can be done each system must be developed independently. This report
deals with development of a passive sampler. Thz real-time dosimeter will be discussed in a separate
report.

Manuscnpt approved January 5, 1990.



The reactivity of the hydrazines and their tendency to undergo oxidative decomposition poses
a problem to the development of detection systems. A collection scheme is required with the ability
to stabilize the hydrazines without interfering with accepted analytical procedures [4].

Current methods of sampling involve detector tubes or midget impingers with an acidic
collection solution. These are "active" sampling methods, meaning they involve the use of a sampling
pump to draw the atmosphere through the collection medium. The pumps are bulky and expensive,
increasing the size, weight, and cost of the system, placing undesirable constraints upon performance.
In addition, a power source is required to operate the pump which places a limit on the sampling
period.

Using passive diffusion technology, we have developed a lightweight, inexpensive, sampler that
can be used to quantitate ppb exposures to hydrazine and MMH. The following section gives a
general description of the sampler and the laboratory tests to characterize its performance. More
detailed descriptions are available [5, 6, 7 and 8]. The prototype was evaluated in the laboratory for
collection rate, sample stability, reproducibility, linearity, and effects of selected interferents and
relative humidity. Following the laboratory characterization, the system was tested at Kennedy Space
Center (KSC) in field locations and conditions where it may find future use.

APPROACH

The prototype sampler consists of a coated polyester collection disk and four plastic pieces which
included a base, spacer, diffuser, and cap, US Patent 4,780,282. Of these four pieces, the diffuser
is the most critical. It controls the collection rate and avoids dependence upon the ambient face
velocity. Several design criteria were special for a system design to sample hydrazines. Because of
the low exposure limits of hydrazines compared to most other chemicals, it is necessary that the
badge sample at a higher rate to obtain sufficient sample for analysis. Hydrazines are polar and
reactive precluding the use of metals and most plastics as materials for badge construction. It has
been our experience that machined teflon surfaces are unsuitable for sampling low levels of
hydrazines.

The most desirable form of a personal sampling device utilizes a passive collection scheme. For
an ideal badge design the sampling rate (M) of the passive collector depends only upon the diffusion
coefficient (D) of the analyte as described by Fick's first law of diffusion, equation 1.

M - D (A/L) (C1 - C2 ) (1)

Where: A = The area of the diffusion channel;
L - The length of the diffusion channel;
C1- The external (ambient) concentration of the analyte; and
C2= The gas-phase concentration of the analyte at the surface of the collector.

Theoretical modeling was employed during the design of a diffuser. Our design is based upon
the fact that viscous flow is Proportional tM A 2 /L; whereas diffuson is proportional to A/L. see
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equation 1. Thus increasing the number of holes on the badge, while keeping the total area of the
holes constant, decreases the viscous conductance without affecting the diffusion rate. Viscous flow
into the badge is due to small pressure differences across the diffuser because of air movement.
Additionally, less turbulence is caused at the badge face by many small holes. The disadvantage of
increasing the number of holes is the increased surface area of the walls of the holes and greater
difficulty in manufacturing the badge face.

Several styles of badge were fabricated and tested. The number and size of holes was varied
while maintaining a constant sampling area. Face velocity experiments were performed on the
machined badges to select the optimum design. A design having a 2.5 cm diameter pattern of 144
1.0 mm diameter holes was selected for its ability to minimize face velocity effects without severely
increasing the detection limit. Designs with fewer, larger diameter holes, exhibited pronounced face
velocity effects.

Tests were conducted with badges machined from polyethylene, polypropylene, and teflon. No
significant material-dependent differences were found. We were concerned with the potentially
detrimental effect of the rough surfaces produced during the drilling of the holes. To minimize this
effect, and to aid in the quality control and mass production of the sampler, it was necessary to have
the badges molded. Moldsavers, Inc. of Miami, Florida was selected as the manufacturer. Low
density polyethylene was the only tested material which could be molded successfully into the desired
badge face having the desired hole pattern. The badge was designed to snap together, allowing the
cap to be snapped on the back of the base during badge exposure and snapped over the diffuser for
storage. The diffuser was designed to snap on the base and to accommodate the cap or a second
diffuser. The design of the badge is shown in Figure 1.

The current badge design has 144 one mm diameter holes with a length of 2 mm. Between the
diffuser and the substrate there is a 2 mm deep gap 25 mm in diameter. Based upon equation 1 the
conductance of the badge is 4.65 cm. This results in a theoretical sampling rate of 42, 34, and 29
ml/min for Hz, MMH and UDMH respectively, based upon diffusion constants of 0.154, 0.122, and
0.104 cm 2/sec. The measured sampling rate for MMH is 25 ml/min. The theoretical rate may be in
error due the assumption that the value of C2 in equation I is zero. By stacking diffusion barriers
on top of each other the sampling rate can be decreased. Colorless polyethylene badges were used
for initial field tests (KO-KI0). Later, black low-density polyethylene badges were used to reduce
effects of exposure to strong sunlight, (tests KIOA-KI8).

The substrate used for the original prototype sampler was a matted polyester drafting film.
Initial tests using this material were promising, later it was found to cause the captured MMH on the
citric acid to slowly disappear. It is believed that the hydrazine slowly reacts with the substrate.
After this discovery, the substrate was changed to Whatman #42 filter paper, which is the substrate
currently in use. In laboratory tests, the filter paper substrate did not affect the storage stability of
the analyte [71. Citric acid monohydrate was selected as the coating agent. It has desirable properties
as an acid and an antioxidant, additionally it is non-toxic. Using the polyester substrate it was found
that the preparation of the citric acid solution was critical to obtaining good results. The solution was
made by dissolving citric acid monohydrate in methanol to form a 30% solution. The solution was
aged for one week at room temperature and was discarded after two weeks. If retained for longer
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Figure 1. Drawing of the molded polyethylene sampler.
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periods, the formation of methyl esters causes significant variations in the coating consistency [5].

Using filler paper substrates, the citric acid solution could be used immediately and stored

indefinitely.

The filter paper disks are coated by immersion in the citric acid solution. Teflon-coated tweez-

ers are used to remove the disks. Contact with metals is avoided in order to prevent metal ion

catalyzed decomposition of the hydrazines. Large quantities of the coated disks may be prepared and

stored in a refrigerator (approximately 30C) for later use. Prepared samplers have been stored for

periods of one month prior to laboratory testing with no effect on performance. Appendix A

describes in detail the techniques used for badge preparation.

LABORATORY TESTING

Test Atmosphere: Generation and Verification. The reactivity of the hydrazines makes it

necessary to generate dynamically the low ppb levels required for testing. The gas generation system,

depicted in Figure 2, can generate hydrazine concentrations from approximately 0.1 to 10 times the

TLV ( Table 1, ACGIH values) for each compound. Diffusion tubes housed in a constant

temperature bath, and continually purged with 100 ml/min of dry nitrogen generate hydrazines. The

desired concentration is obtained by adjusting the temperature of the bath, size of the diffusion

capillary, and/or the volume of diluent gas.

OUSE OIL & H70 AIR OmER

DIFFUSION TUN41DIF FER

CONONTAMTNMTSS

ON ~ ~ ~ ~ ~ i MANIDIFUIOFOBELFO

Figure 2. Test gas generator schematic.

Conditioned house-compressed air is used as the diluent. The conditioning procedure consists

of passing the house air through a series of demisters, a hot Hopcalite catalyst bed, a reciprocating

dual-tower molecular sieve scrubber, and finally through a canister containing potassium per-

mangenate coated alumina (Purafil) and charcoal. The cleaned air is humidified using a stainless steel

N2 SYINGE IXI5



gas washer (bubbler) containing distilled, deionized water. Control of the relative humidity is
achieved by varying both the gas washer head pressure and the ratio of the humidified to dry air.
The moisture content of the air is measured by a hygrometer. Dilution is selected and monitored
using calibrated 0 to 10 1/min mass flow controllers.

The exposure experiments were conducted in three similar glass exposure chambers, one of
which is depicted in Figure 3. They are cylindrical with conical ends. The exhaust end was
removable to allow insertion of the samplers. Teflon baffles were placed at each end to induce
laminar flow. The internal diameter of each chamber was different in order t6 permit the study of
a variety of face velocities while holding other gas stream conditions constant. Further variation in
face velocity could be attained by varying the flow rate of dilution air in combination with
substituting chambers. Table 2 lists the chambers and the conditions available for testing.

Ground

Glass Teflon
Seal \ '\ Baffle (2)

Glass 00000

Front 0 0000( \\00

Exhaust 0 D0 0 0 0 0 \
,J ()¢000 Glass 000®000 Inlet

®¢0000000 Chamber 000000000

\ 0 0 0 CQ~ 100

Scale:

Figure 3. Glass exposure chamber used for laboratory badge testing.

Performance Evaluations. The samplers were prepared as described (Appendix A) and exposed
to controlled atmospheres. Typically, four samplers were tested simultaneously. They were placed
in the chamber in a 2x2 pattern (each badge in a pair was at the same axial position in the chamber
but facing outward). Occasionally six samplers were exposed at one time (2x3 pattern). The badges
were mounted on a glass rod suspended between the end baffles of the chamber. This could be done
when the concentration and face velocity of the test atmosphere were adequate to prevent depletion
of the analyte in the gas steam by the samplers. At low flow rates and concentrations we found that
the forward pair of badges captured more hydrazine.
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Table 2. Size of the gas exposure chambers and typical conditions.

Diameter Area Flow Face velocity
5.5 cm 23.8 cm 2  5 /min 335 cm/min* (11 ft/min)
9.0 cm 63.6 cm2  5 1/min 79 cm/min (2.6 ft/min)
14 cm 154 cm 2  5 1/min 34 cm/min (1.1 ft/min)

* For the small chamber the badge consumed a relatively large portion of the test volume. The

face velocity calculations were estimated using the adjusted chamber area.

A variety of equivalent combinations of time and concentration were used to provide conditions

for testing the linearity and reproducibility of the sampler. For example, 1 hour at 600 ppb = 3

hours at 200 ppb = 0.6 ppm hours. Exposure times ranged from 0.25 to 65 hours. The concentration

of the test atmosphere was verified before and after each exposure experiment by liquid impinger
samples that were collected and analyzed using coulometric titration or colorimetric procedures

described in Appendix B. In addition, a Thermedics Model 141-1 chemiluminescence instrument and
a MDA 7100 paper-tape instrument were occasionally used to monitor the gas stream.

Analysis of the samplers was performed using the coulometric titration procedure described in

the analytical portion of the experimental section and detailed in Appendix B. It is not as selective

as the colorimetric method, but it is much more sensitive [4]. In laboratory experiments, where no
interferents are expected, it is the method of choice.

The effect of face velocity upon the collection rate of the machined prototype diffusers was

tested in a MMH gas stream with face velocities of approximately 60, 120, 240, 335, and 670 cm/min
(2, 4, 8, 11, and 22 ft/min). The test atmosphere was dry air with 200 ppb MMH. The badges were

exposed for five hours. The selected prototype diffuser was tested under the same conditions. The
average measured collection rate was 38 ml/min with a minimum of 31 ml/min and a maximum of
45 ml/min [5]. These results are shown in Figure 4.

50

<30

CL 20

10

0

FACE VELOCITY WlI/m,,)

Figure 4. The Effect of Face Velocity on the Sampling Rate of the Machined Prototype
Diffuser. The outer lines represent 30% error limits.
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The sampling rate of the molded diffuser is approximately 25 ml/min, which is less than that
of the drilled prototype. It was calculated from a series of exposures to MMH ranging from 0.25 to
65 hours, Figure 5. Concentrations of MMH between 170 and 500 ppb were used. Each data point
represents a test consisting of 4 to 6 individual samples. This and additional data were used to verify
the linearity of the sample collection process [5]. The larger sampling rate of the prototype badge is
due to the holes being slightly larger than the one millimeter diameter holes in the molded badge.

Z; 5 2 ft/-mn Face Velocty

2 6 it/-'n Face Veloc,ty

C 
.

C 4 418 42 5C 70

O- EXPOsRE

Figure 5. Sampling Rate of the Molded Badge. The center line is the rate, the outer lines are

30% error limits.

The effects of ammonia, freons, and isopropyl alcohol vapors were investigated and no
interferences were found [6]. In addition, the collection rate of the dosimeter was found to be

independent of the relative humidity of the exposure atmosphere [5].

The stability of the trapped hydrazines was examined by capping and storing exposed prototype

badges for periods up to 62 hours. The storage experiments were performed on samples collected
from 200 ppb gas streams of MMH at various relative humidities and exposure times. Storage tests
were conducted by storing the exposed badges at room temperature and in a refrigerator at 3YC. In

addition, the storage of the extracted solution was investigated. Room temperature storage resulted
in a significant loss of analyte [5]. A loss of 30% to 75% of the original value was observed after
storage for 24 hours. The refrigerated storage or the extraction of the analyte extended the storage

stability [8]. This would not allow the badge to be used for long term, low level sampling. For this
use it is necessary that the analyte be stable at room temperature.

Initial investigations of the storage instability focused on the c.tric acid coating. Its composition
was investigated by mass spectroscopy and HPLC during the two week aging process [5]. The
performance of the solution as a hydrazine trap was also monitored during the same period. Results
were inconclusive.

8



Variations in the substrate material were investigated. Initially, polyester drafting film was used
as the substrate. This material wetted well with the citric acid solution, forming a smooth, tacky
film. Glass and filter paper materials were tested with the polyester and th-'r performance was
compared. The percentage of analyte retained during room temperature storage was greater for glass
and filter paper than for polyester. We speculated that the hydrazine reacted with the ester to form
a hydrazone which is not easily removed for analysis. Surface microscopy performed by R. Young
at NASA KSC indicated that the exposed surface of the polyester was mostly silica and not the ester.
The mechanism of analyte loss was not investigated further.

Based on the storage stability data from the substrate study, it was decided to replace the
polyester substrate with 4.25 cm diameter disks of Whatman #42 filter paper which is readiij
available from various chemical supply houses. The disks fit the molded badges, requiring no
alterations.

The exposure linearity of the badge was tested by exposure to 200 ppb of MMH for times
between 0.25 and 65 hours. The test atmosphere was 45% relative humidity (RH) and a velocity of
79 cm/min (2.2 ft/min). In addition, tests were conducted in which the time was held constant and
the concentration was varit Ai between 0.1 and 2 ppm. All of the data except a one hour exposure and
a 0.25 hour exposure, fell within the acceptable region, as shown in Figure 6. Fluctuations of the

'C1 c BLACK BADGE. PAPER SUEBJRATE

x WHITE BADGE, PE SUBSTRATL

4C-

0 

0 1O 20 30 40 50

THEORETICAL ug OF MMH

Figure 6. Linearity of the Results Obtained Using the Molded Badge, assuming a collection rate
of 2- ml/m-i. The center line is ideal assuming a 25 ml/min sampling rate, the outer
line 30% error limits.
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shorter exposures may be due to disruption of the test atmosphere when the badges were placed in
the chamber. Adsorption on the badge housing could also be a factor.

FIELD TESTING

Test Locations. Test areas at the Kennedy Space Center were divided into three major
categories based on their potential for hydrazine or MMH exposure: unlikely to be exposed, potential
exposure, and expected exposure. The locations were selected to encompass the potential field
interferents and the effects they may have upon performance. Locations are listed in Table 3.

Sampling. The samplers were prepared by Wiltech Analytical Laboratory at KSC following the
procedure described in Appendix A. A group of badges was retained by the analytical laboratory
to be use as blanks in their analytical procedures. The blanks were stored in a refrigerator. Samplers
for field testing were distributed to the industrial hygienist on the work day preceding the test
period.

At each test location, two areas were selected for sampling. A sampling board, holding 12 citrate
badges, was placed at each area by EG&G Environmental Health personnel on Monday mornings.
The badges were uncapped every morning and recapped at the end of an 8 hour work day. At the
end of the sampling period on Monday, Wednesday, and Friday a set of badges was collected for
analysis. A set consisted of four badges from each board. Two badges were coded for coulometric
analysis (A) and two for verification analysis (B). The exposed badges were submitted to the
analytical lab where they were stored in a refrigerator until analysis. In addition, the industrial
hygienist submitted a few unexposed badges designated as field blanks. The coulometric analysis was
typically performed the first work day following the submission of the sample.

Table 3. Locations Selected for the KSC Field Testing of the Citrate Sampler

Category Lai Test Number

Unlikely to be Exposed Hanger S Life Support K04
M&O paint shop K03, K16
EG&G K14
Beach K10
Vehicle Assembly Building (VAB) K11

Lounge

Potential Exposure Hazardous Maintenance Facility K02, K18

(HMF) 96

Wiltech Labs K01
Rotating Service Structure (RSS) K09, KIOA, K15
Orbiter Processing Facility (OPF) K13

Expected Exposure Fuel Storage #1 K06
Aft Skirt Testing Facility (ASTF) K07, K08, K12, K17

10



In addition to the area samples, the citrate badges were also tested as personnel dosimeters.

Typically, two work, rs wee monitored; each wearing two citrate badges, an "A" and a "B". These

badges were distributed and collected for analysis on a daily basis. Impinger samples (D) were

collected daily at the locations of the sample boards in order to verify the exposure the samples

received using a validated procedurc. Air was drawn through a midget glass impinger containing 15

ml of 0.1 M H 2SO 4. Prior to and after sampling, the collection rate of the impinger system was

verified to be 200 ml/min using a bubble flow meter. The impingers were submitted to the analytical

laboratory where they were stored in the refrigerator until analysis.

In addition to the citrate badge, a colorimetric dosimeter badge was tested. A description of the

testing of this indicating system is available [5 and 9]. During the field test, three color badges were

placed on each area sampling board on Monday mornings. The dose estimation was evaluated and

recorded daily. The disks were collected at the end of the week, stored in zip-lock plastic bags, and

sent to NRL for evaluation. On occasion, selected personnel were also monitored with color badges.
They were issued a new color badge daily. The used badge was collected, sealed in a zip lock bag

and sent with the area samples to NRL for evaluation. Further information on the prototype
colorimetric dosimeter will be presented in a future report.

Firebrick samples were scheduled to be used, in place of impingers, in the field tests conducted

at White Sands Testing Facility (WSTF). Tabulated results from these tests are available in a report
issued by WSTF [9].

The field samples were coded by EG&G using the following label: W - XX - YYY - Z. The

key to the label is: W - location, XX - lot *, YYY = sample *, and Z - type of sample. The key

for Z is: A - citrate, coulometric analysis; B - citrate, verification analysis (PMA colorimetric or
coulometric spike); C - vanillin, D - impinger; and E - firebrick. The analytical laboratory only
received the coded samples. The data pertaining to the collection of the samples were recorded by
EG&G personnel. The analysis data were recorded by Wiltech. Each group independently sent their
data sheets weekly to NRL for compilation. If the analytical laboratory found a quantifiable amount
of analyte they would immediately inform the hygienist and the auditor. This was done to allow
additional information to be collected by the hygienist while the exposure conditions could be easily
recalled.

Citrate Badge Analysis. The coated substrate is removed from the housing assembly with teflon
coated tweezers and placed in a glass container. The analyte is desorbed from the disk with a solvent
designated by the selected technique. Two accepted wet chemical methods are applicable to this
procedure: (1) Coulometric titration miniaturized to achieve the desired sensitivity [11]; and (2)

Colorimetric method, phosphomolybdic acid, NIOSH approved method #S149. These methods are
detailed in Appendix B, parts 13.3 and 13.2, respectively. The badges were analyzed for MMH

exposure unless otherwise specified.

The coulometric ttration was used for the laboratory characterization of the badge performance.
The schematic of this procedure is shown in Figure 7. It involves the electrochemical generation of

bromine from potassium bromide. As the molecular bromine is formed, it instantly reacts with the

hydrazine in the solution. When there is no more hydrazine present bromine will accumulate,

II



forming a redox couple with the bromide. When a redox generated current is measured by the
sensing electrode the titration has reached the endpoint. The formula used to calculate the hydrazine
in the sample is given in Appendix B. The coulometric procedure is quick, easy and sensitive for
analysis of hydrazines, but it is not extremely selective. For the analysis of field samples, the PMA
spectrophotometric method was also used. This method is less sensitive, but more selective.

All the "A" badges were analyzed using the coulometric procedure. If a detectable amount of
analyte was found, the duplicate "B" badge was analyzed using one of two procedures. The PMA
colorimetric analysis was used if the amount detected was greater than the PMA detection limit. If
the "A" result was less than the PMA detection limit the coulometric spike procedure was used. In
addition, all the Friday "B" badges were analyzed by the PMA method. The unused "B" samples were
stored in the refrigerator.

BROMINE SENSING
GENERATING ELECTRODE
ELECTRODE

GLASS FRIT
"NA

-gm'

SAMPLE

Figure 7. Schematic of coulometric titration.

Liquid Impinger Analysis. The liquid impinger samples, collected to verify the test atmosphere,

were analyzed by the ASTM para-dimethylamino benzadehyde (PDAB) colorimetric method. A

copy of the procedure is given in Appendix B (part 8.1 for MMH analysis and 8.2 for Hz analysis).

It is based on the condensation reaction of hydrazines with an aldehyde, Figure 8. In the case of

unsubstituted hydrazine, two moles of aldehyde can react with one mole of hydrazine to form the

azine. The mechanism involves the nucleophilic addition of the nitrogen base, followed by the
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elimination of water. This reaction is frequently acid catalyzed by protonation of the carbonyl. The
resulting hydrazone absorbs visible light. The ASTM method requires measuring the absorbance
spectrophotometrically at 458 nm. These measurements have been shown to conform to Beer's Law,
where the amount of absorbed light is proportional to the concentration of the hydrazone in the
sample [12].

Vanillin Color Dosimeter Analysis. The same basic chemistry is used with the real-time color
badge system. In this case vanillin, 3-methoxy 4-hydroxy benzaldehyde, reacts with the hydrazine.
The vanillin is coated on Whatman #42 filter paper and placed in a badge housing that has been
modified by cutting away the diffuser section. Hydrazine and MMH present in the ambient
environment are trapped on the coated paper where they react with the vanillin indicator; UDMH
does not react with the badge to produce a color. The reaction product is detected by the
development of a yellow stain on the paper substrate. The intensity of the color is related to the
exposure. A color wheel was developed for dose estimation. The dosimeter exposure can be
interpolated from a comparison of the badge color with the wheel containing colors equivalent to
0.07, 0.14, 0.48, 1.1, 3.8 ppm-hours of MMH exposure.

/CH 3 ,N- NH 2  KH H CH0 \ _ N "NN=C(N/CH3. H +NN/CH- 3 -

H CH3  I / I \CH3
H H

8a. 8b. 8c.

Figure 8. The reaction of PDAB, 8a, with a hydrazine to form the hydrazone, 8b, that becomes
yellow on protonation, 8c.

This wheel was used by the industrial hygienists to obtain a dose reading on the field samples
(as stated in the sampling procedure). The badges were then sent to NRL. At NRL, the color badges
were visually inspected, exposed to MMH and their performance was compared to a control. The
control was a sample coated at the same time, but never used in the field.

RESULTS

Field Testing. Eighteen tests were conducted in the field at KSC. Data from test five (K05) was
excluded from this report because the samples were left out during a rain storm and were not
analyzed. Retesting of the location was performed in test K06. The white badge housing was used
for the first tests, KOl through KI0. Test KIOA was the first field test to use black badges. The
black badges were used exclusively for test KIOA through K13. In test K14 through K18 white and
black badges were tested side-by-side.
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A review of the individual tests conducted at KSC is given in Appendix C. The analysis data

for each test was tabulated and grouped by the sampl, type described previously in the report. The

industrial hygienists description of the test area is included in Appendix D. The following

paragraphs organized by sample type, summarize the results from each test. The data from the field

blanks are included in the summaries. The results from the laboratory and EG&G blanks are not in

the summaries, but are included in the Appendix C tables.

TEST KO1
Location: Wiltech Laboratory
Date: November 1987
Category: Potential Exposure

A) Two of the twenty-two citrate samples, analyzed by coulometry, indicated analyte
present at greater than the detection limit of 0.12 pg. These were not verified by any
other method.

B) The data obtained by the PMA analysis of the citric acid samples are suspected of
contamination.

C) The vanillin colorimetric samples gave no indication of exposure to hypergols.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.

TEST K02
Location: Hypergol Maintenance Facility M7-961
Date: November 1987
Category: Potential Exposure

A) Five of the twenty-two citrate samples and one blank, analyzed by coulometric
titration, indicated analyte present at greater than the detection limit of 0.12 jg.
Two samples were exposed at levels greater than the quantitation limit. All five were
personnel samples.

B) As in test KOI, the PMA results for the citrate badges are suspect. The analysis was
attempted with and without citric acid added to the standards. The results were still
questionable.

C) No change was noticed on the vanillin color badges.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to

hypergols.
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TEST K03
Location: Maintenance and Operations (M&O) Paint Shop
Date: December 1987
Category: Unlikely to be Exposure

A) Six of the twenty-two citrate samples analyzed by coulometric titration indicated
analyte present at greater than the detection limit of 0.12 pg. Four of these were
personnel samples, the other two were five day area samples.

Two of the personnel samples indicated hypergol exposure above the quantitation
limit of the coulometric procedure.

B) The duplicate badges were analyzed by spiked coulometric analysis. The analysis data
did not match the "A" data.

C) No color badges were available for this test.

D) The daily impingers, analyzed by PDAB, gave no indication of detectable exposure
to hypergols.

TEST K04
Location: Hanger S Life Support South Annex
Date: January 1988
Category: Unlikely to be Exposure

A) One of twenty-two citrate samples analyzed by coulometry indicated a detectable
amount of analyte. It was a personnel sample.

B) None of the duplicate samples was analyzed.

C) No change was noted on any of the vanillin color badges.

D) The daily impingers, analyzed by PDAB, gave no indication of detectable exposure
to hypergols.

TEST K06
Location: Fuel Storage Area #1
Date: February 1988
Category: Expected Exposure

A) Eight of the twenty-two citric acid samples analyzed by coulometry indicated a
greater than detectable amount of analyte; one was quantifiable.

Area I results were slightly higher than Area II results.
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B) The duplicate samples were analyzed by the coulometric spike procedure. In general
the results correlated well with the "A" badge data.

C) No change was noted on any of the vanillin color badges.

D) The daily impingers, analyzed by PDAB, gave no indication of detectable exposure
to hypergols.

TEST K07
Location: Aft Skirt Test Facility
Date: May 1988
Category: Expected Exposure

A) All twenty samples analyzed by coulometric titration indicated levels of analyte
greater than the quantitation limit of the method, 0.4 ug. Area I samples had
significantly greater exposure than Area II samples and appear to increase by - 4
pug/day. A SCAPE operation was performed on day 3 during the test period, four
samples were expected to indicate hypergol exposure.

B) Five of the twelve samples analyzed by PMA had a detectable amount of analyte. The
results did not mimic the coulometric results of "A". The badges were originally
analyzed for MMH and the data later corrected for Hz.

C) Three of the vanillin badges indicated exposure to hypergol. The color was initially
noted on only 2 of the 3. Following acidification by HCl vapor the color of the 2
intensified and the third developed color.

D) The sample collected in Area II on day 3 indicated the presence of hypergol. Again,
the analytical lab was not informed that the analyte was Hz so the samples were
analyzed as MMH.

TEST K08
Location: Aft Skirt Testing Facility
Date: May 1988
Category: Expected Exposure

A) All of the citrate samples analyzed by coulometry indicated exposure to hypergols.
All but 2 results were greater than the quantitation limit of 0.4 pg. Results from Area
I were significantly greater than Area II.

B) The duplicate citrate samples, analyzed by PMA, did not verify any exposure
information.

C) No change was noted on any of the vanillin color badges.
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D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.

TEST K09
Location: Rotating Service Structure
Date: June 1988
Category: Potential Exposure

A) All of the citrate samples analyzed by coulometry indicated exposure to hypergols.
All the results were greater than the quantitation limit of 0.4 jg. Results from Area
I were greater than Area II. Blind blanks also indicated exposures.

B) The spectrophotometer was broken. The "B" samples were analyzed by coulometric
spike procedure. The spiked results correlate well with the corresponding "A"
samples.

C) Four samples indicated a slight exposure to hypergols. All these samples were in Area
I with the dose increasing daily.

D) The samples from day 1 of each area indicate a slight exposure to hypergol.

TEST KlO
Location: Beach Location
Date: July 1988
Category: Unlikely to be Exposed

A) Area samples indicated a high exposure. No hypergols were in this area. The
indication must be due to an interferant. The capped blank samples also indicated
interference in the coulometric method.

B) The PMA samples did not verify any MMH exposure. The results were all below
detection limit.

C) One sample had a slight coloration.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to

hypergols.

TEST KIOA
Location: Rotating Service Structure

Date: January 1989
Category: Potential Exposure

A) This was the first field test conducted using the black badges. Four of the eighteen
citrate samples analyzed by coulometric titration gave a response greater than the
detection limit. None of the results were equal to or greater than the quantitation
limit.
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B) Two of the citrate badges had detectable amounts of analyte by the PMA method.
Each of these were 5 day exposure samples from Area II. One was a sample the other
was a blank.

C) No color badges were available for sampling.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.

TEST KI I
Location: Vehicle Assembly Building Break Room
Date: February 1989
Category: Unlikely to be Exposed

A) Twelve of the eighteen citrate samples analyzed by coulometric titration gave
responses greater than the detection limit. Five of the samples indicated quantifiable
amounts. First indication of interference due to tobacco smoke.

B) The samples analyzed by coulometric spike procedure correlated well with the "A"
samples. The samples analyzed by PMA did not detect any analyte.

C) No color badges were available for sampling.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.

TEST K12
Location: Aft Skirt Testing Facility
Date: February 1989
Category: Expected Exposure

A) Three of the eighteen citrate badges analyzed by coulometric titration gave results
greater than the detection limit. Two samples had quantifiable amounts, these were
six day exposures in Area II.

B) No exposure was verified by PMA analysis of the duplicate citrate badges.

C) No color badges were available for sampling.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.
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TEST Kl3
Location: Orbiter Processing Facility
Date: March 1989
Category: Potential Exposure

A) One sample from the eighteen placed in Areas I and II had a detectable amount of
analyte.

B) The duplicate samples from area I and II did not detect any analyte.

C) No color badges were available for sampling.

D) The liquid impinger samples from the second day detected slight exposure.

TEST KI3A
Location: EG&G Roof, Horizontal Placement
Date: March 1989
Category: Unlikely to be Exposed

A) Six of the nine samples had quantifiable amounts of analyte. The samples that did not
indicate exposure were 3 capped blanks.

B) None of the samples were analyzed by an alternate method. The five samples
analyzed by the coulometric spike procedure gave similar results to the corresponding
"A" samples.

C) No color badges were available for sampling.

D) No impinger samples were collected from the area.

TEST K14
Location: EG&G Environmental Health Roof and Remote Antenna Site
Date: May 1989
Category: Unlikely to be Exposed

A) The citrate samples in black badges indicated quantifiable amounts when placed in
both the vertical and horizontal positions. The results from the samples in a horizontal
position were much greater than the vertical. The vertical black badges in area 1 and
2 had equivalent results. The black badge blanks did not detect any analyte.

The white badges were only placed in the horizontal position. All the samples gave

extremely high results, including the blanks.

B) The only samples to indicate analyte were the white badge samples placed in a
horizontal position.
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C) No color badges were available for sampling.

D) No impingers collected. No hypergols were anywhere in the vicinity so no
verification was needed.

TEST K15
Location: Rotating Service Structure, 39B
Date: August 1989
Category: Potential Exposure

A) All twelve of the white badges indicated detectable amounts of analyte, nine of the
results were above the quantitation limit.

One of the eighteen black badge samples indicated a detectable amount of analyte.

B) None of the samples analyzed by PMA detected any analyte. The samples analyzed
by the coulometric spike procedure gave similar results to corresponding "A" samples.

C) GMD prototype badges were used for the color dosimeters. They contained two
exposure windows, each with a different indicator. The upper window used PDAB
and the lower window used Vanillin. The vanillin section did not indicate exposure.
The PDAB section developed a slight yellow color; the reaction product formed by
exposure to hydrazine is an orange-red.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.

TEST K16
Location: M&O Paint Shop
Date: August 1989
Category: Unlikely to be Exposed

A) The white badges consistently gave high results for the coulometric analysis. Four of
the six black badges indicated slight exposure with one result greater than the
quantitation limit.

B) Three of the white badge samples analyzed by PMA indicated exposure.

C) The color badges were not used during this test.

D) No liquid impinger samples were taken during this test.
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TEST K17
Location: Aft Skirt Testing Facility
Date: August 1989
Category: Expected Exposure

A) The white badges consistently gave high results for the coulometric analysis. Nothing
was detected by the black badge samples.

B) None of the sample analyzed by PMA detected any analyte. The samples analyzed by
the coulometric spike procedure gave similar results to corresponding "A" samples.

C) GMD prototype badges were used for the color dosimeters. They contained two
exposure windows, each with a different indicator. The upper window used PDAB
and the lower window used Vanillin. The vanillin section did not indicate exposure.
The PDAB section developed a slight yellow color; the reaction product formed by
exposure to hydrazine is an orange-red.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.

TEST K18
Location: Hypergol Maintenance Facility M7-961
Date: August 1989
Category: Potential Exposure

A) The white badges consistently gave high results for the coulometric analysis with the
exception of day one in Area 1. The black badges did not detect any analyte.

B) None of the sample analyzed by PMA detected any analyte. The samples analyzed by
the coulometric spike procedure gave similar results to corresponding "A" samples.

C) GMD prototype badges were used for the color dosimeters. They contained two
exposure windows, each with a different indicator. The upper window used PDAB
and the lower window used Vanillin. The vanillin section did not indicate exposure.
The PDAB section, of the badges issued for day two, developed a slight yellow color;
the reaction product formed by exposure to hydrazine is an orange-red.

D) No liquid impinger samples were taken during this test.

Details of the results of tests performed at NASA, WSTF are given in separate report [10]. In
general, high results were obtained on colorless badge samples exposed to sunlight that were analyzed
by coulometry but not with a WSTF ion chromatography method. WTSF found that the black badge
provided adequate protection from sunlight exposure. A slight decrease in the concentration of a
spiked sample was observed.
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Quality Assurance and Quality Control (QA/QC). To verify the proficiency of the

analytical laboratory, a set of spiked samples were incorporated into the field test. These badges
were prepared at NRL. They were then given to the industrial hygienist for random, blind
incorporation. Table 4 details the exposure of the spiked samples. The theoretical loading of the
badges was calculated and kept as proprietary information by the auditors.

Table 4. Spiked Citrate Samples for QA/QC

Sample Spiked Conc. Duration Volume" p4g Ag Analytical
Number with (ppb) (hrs) (I) Spiked Found Method

874 MMH * 4.6 6.9 1.7 1.7 Coul
875 MMH * 4.6 6.9 2.9 2.5 PMA

880 MMH * 90.6 136 28 26 Coul
881 * 90.6 136 37 24 PMA

898 MMH 16 24 5.6 5.4 Coul
899 MMH * 16 24 7.4 5.2 PMA

9' 2 MMH 0 0 0 0 0 Coul
903 MMH 0 0 0 0 nd PMA

100i MMH 500 67.5 101 95 >87 Coul
1002 MMH 500 67.6 101 95 >27 Coul

1007 MMH 214 16 24 9.7 6.2 PMA
1008 MMH 214 16 24 9.7 11.4 PMA
1009 MMH 214 16 24 9.7 9.0 Coul
1010 MMH 214 16 24 9.7 11.1 Coul

1014 MMH 235 5.5 8.3 3.7 2.3 Coul
1015 MMH 235 5.5 8.3 3.7 4.3 Coul
1016 MMH 235 5.5 8.3 3.7 6.4 PMA
1017 MMH 235 5.5 8.3 3.7 3.9 Coul

1021 Hz 65 5.5 8.3 1.0 1.1 Coul
1022 Hz 65 5.5 8.3 1.0 3.9 PMA
1023 Hz 65 5.5 8.3 1.0 3.9 Coul
1024 Hz 65 5.5 8.3 1.0 1.9 Coul

* Conc. unknown. Amount spiked was determined by analysis of duplicates at NRL.
"Assuming collection rate of 25 ml/min.

The results from the analysis of the spiked samples are listed in Table 4. The analytical methods
used were the coulometric titration procedure (Coul) and the PMA colorimetric procedure. The
industrial hygienist did not inform the analytical laboratory that some of the samples were to be
analyzed for Hz instead of MMH. Because of this, the analytical laboratory analyzed all the samples
for MMH exposure. This would not effect the coulometric titration results, but the colorimetric
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results could be off for the hydrazine samples. Therefore, the PMA results are of questionable value
for sample 1022.

DISCUSSION AND CONCLUSIONS

Laboratory Test. The molded polyethylene badge provides an excellent housing for the
collection disk. The diffuser minimizes face velocity effects and establishes a collection rate of 25
ml/minute for MMH. At this sampling rate, detection of MMH at a concentration of 200 ppb MMH
requires a ten minute exposure when analyzed by the coulometric titration procedure. Ar upper
detection limit, or saturation limit of the badge, has not been defined. Quantifiable data was
obtained from exposures to 200 ppb MMH for 65 hours. Since the badge is simply the collection
meGcd, the detection limits of the sampler are dependant upon the analytical method selected. The
coulometric procedure is much more sensitive, but less selective than the available colorimetric
methods. If better analytical methods were available, then the detection limit could be decreased.

The badge is a simple plastic design and its current production cost is less than $0.25. Assembly
of the badge is simplified by its ability to be securely snapped together. The :esulting badge is
durable and lightweight. These are desirable qualities for a disposable personal dosimeter. The
laboratory performance of the original white badge housing and the black badge modification was
acceptable.

The room-temperature instability of the analyte on the original prototype badge was improved

by replacing the substrate material used for the collection disk. The original polyester substrate
experienced a loss of analyte, decreasing by 30% to 75% in a period of twenty-four hours [5]. The
new filter paper substrate has exhibited no significarz loss of the analyte for periods of 7 days at

room temperature [8]. Long term storage is possible with either system, polyester or paper, if the
sample is stored in the refrigerator or extrz,"ted and stored as a solution.

The effects of ammonia, freons, and isopropyl alcohol vapors were investigated and no

interference effects were found. In addition, the collection rate of the dosimeter was found to be
independent of the relative humidity of the exposure atmosphere

Field Test. The performance of the white badge housing using the filter paper substrate was
acceptable for sampling in locations with no sunlight exposure. The sunlight interference was noticed
in both coulometric and colorimetric analysis. The effect is much greater when the coulometric
analysis is used. Both field tests conducted at KSC and WSTF indicated the sunlight interference
effect.

To avoid this interference the badge was modified. The same mold was used to manufacture
the sampler, but black polyethylene was used. By substituting the black housing for the white
housing it is possible to use the badge in bright sunlight if care is taken not to point the badge
directly at the sun for any length of time. The black badge has been field tested and has performed
successfully. Field tests, conducted in the intense summer sun at KSC, indicated minimal
interference when used in vertical positions, test K14. When used in a horizontal position the sun
can penetrate directly through Lhe diffusion holes and interact with the citrate surface, interfering
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significantly with the coulometric and colorimetric analysis. As previously mentioned, the effect is
greatest with the coulometric procedure. Based on this, we recommend samples that are known to
have been exposed to sunlight be analyzed by the colorimetric procedure. Testing has been
conducted with the black badge at WSTF. A report containing the results will be issued in the near
future. WSTF has informed us that the black badge significantly reduced the sunlight interference
effect they had observed with the original white badge.

There was one other interference effect noted during the field testing. Badges placed in the
break rooms (lounges), where personnel smoked, exhibited elevated coulometric results, Field Test
K II. The tobacco smoke did not interfere with the PMA analysis of the duplicate badges or the
PDAB analysis of impingers. We recommend colorimetric analysis for samples that have significant
exposure to tobacco smoke.

Personnel found the badge easy to use. Its design allowed it to be worn without interfering with
ones duties. The analytical chemists found it simple to prepare and analyze. Application of the
badge could be simplified further by use of an identification/data sticker. It would have an assigned
sample number and contain spaces for exposure information. Included should be the desired analyte
(MMH or Hz) and the preferred analytical technique, if any, based on known exposure to an
interferant. When the badge is available for routine use, we feel it will be an asset to the industrial
hygienist in documenting Hz and MMH exposures. However, one must remember that passive
systems have inherent inaccuracy and results must not be expected to have accuracy greater than 30%
of the actual exposure.
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The badge preparation method used by Wiltech Analytical Laboratory are compiled in the
following Appendix. The method retains its internal Wiltech reference number under the
Appendix title.

13.1 MMH/N 2H4 DOSIMETER BADGE PREPARATION

13.1.1 ADvaratus

13.1.1.1 Balance, top load.

.2 Volumetric flasks, 100 ml.

.3 Whatman No. 42 filter paper, 4.25 cm

.4 Forceps, plastic.

.5 Kimwipes.

.6 Polypropylene bags, 4 x 4 inches.

.7 Labels.

.8 Bag sealer.

13.1.2 Reagents

13.1.2.1 Citric acid, monohydrate, HO2C(OH)C(CH2 CO 2H) 2"H20, reagent grade.

.2 Methanol, CH 3OH, reagent grade.

.3 D.I. water.

13.1.3 Safet - Refer to Section IV of 4-0-111 for safety requirements and specific hazards,
precautions, and emergency procedures concerning fire (Paragraph 4.4.1) and solvents
(Paragraph 4.4.3).

13.1.4 Preparation of Coating Solution

13.1.4.1 Transfer 30 g of citric acid into a 100 ml volumetric flask.

.2 Add approximately 80 ml methanol to dissolve all crystals. Add methanol again to
mark. Mix.

.3 Allow the solution to age for at lease one full week before using. Solution should be
discarded if crystals start to develop in the solution or if the coating applied to the
film dries out or crystallizes.

This step is not necessary for badges using paper substrates, see text of this report.
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13.1.5 Assembly of Dosimeters

13.1.5.1 Wash dosimeter parts with warm soapy water by agitation (do not use brush); rinse
with D.I. water; pat dry. Blow the diffuser with GN 2 to ensure no water is lodged
in the holes.

.2 Pour some of the coating solution into a 250 ml beaker and place the filter discs in the
solution and allow to soak for 5 minutes.

.3 Load the disc in the dosimeter holder, ensuring the disc is free of wrinkles or
scratches. Press the spacer on top of the disc with forceps.

.4 Let the coating cure at room temperature with disc uncovered for 3 to 4 minutes.

NOTE
Cured coating should be sticky and

shiny, not dried out with crystals.

This step is not necessary for badges using paper substrates, see text of this report.

.5 Place the diffuser and then the cover on the dosimeter holder.

.6 Properly label the dosimeter with lab number and data assembled.

.7 Place the dosimeters in a polypropylene bag and store in a refrigerator.

28



APPENDIX B

The badge analysis method used by Wiltech Analytical Laboratory are compiled in the following

Appendix. The method retains its internal Wiltech reference number under the Appendix title.
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8.1 DETERMINATION OF MONOMETHYL HYDRAZINE VAPOR CONCEN-
TRATION IN NITROGEN OR AIR

8.1i.1 Apparatus

o.1.1.± Spectrophotometer, UV-VIS, Varian Series 634, or

equal.

.2 Cells, Silica, UV-VIS, I cm rectangular.

.3 Balance, analytical.

.4 Gas meter, wet test, precision, ASTM D1071, cali-
brated, or equal.

.5 Air sampling pump.

.6 Glass midget impinger, fritted, 170-220 y maximum
pore diameter.

.7 Pipets, serological, 10 ml.

.8 Pipets, volumetric, 0.5 ml, 1 ml, 2 ml, 4 ml, Iu ml,

15 ml, and 25 ml.

.9 Flasks, volumetric, 100 ml, 200 ml, and 500 ml.

.10 Glass vials with screw caps, 20 ml.

.11 Graduated cylinder, 25U ml.

.12 Amber reagent bottle, 250 ml.

.13 Glass wool.

.14 Stopcock grease.

.15 Flow control valve.

.16 Tubing, Teflon and Tygcn, assorted sizes and
lengths.

8.1.2 Chemicals

8.1.2.1 Sulfuric acid H2 S04 , concentrated, reagent grade.

.2 p-Dimethylaminobenzaldehyde, p-DAB, reagent grade.

.3 Monomethyl hydrazine sulfate salt, MMH-H 2 SO4, re-
agent grade.

.4 Methanol, CH 30H, absolute, reagent grade.
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8.1.3 Safety

8.1.3.1 General - Refer to Section IV of Toxic Vapor Detec-
tor Calibration Manual 4-0-111 for safety require-
ments and specific hazards, precautions and emergen-
cy procedures concerning fire (Paragraph 4.4.1) and
hypergols (Paragraph 4.4.4.)

8.1.3.2 Safety Equipment (Personal)

8.1.3.2.1 Face shield.

.2 Laboratory coat or rubber apron.

.3 Gloves, chemical-resistant.

8.1.3.3 Safety Equipment (Laboratory)

8.1.3.3.1 Fume hood.

.2 Safety shower and eyewash fountain.

.3 MMH concentration monitoring device.

.4 Fire extinguisher.

WARNING

Monomethyl hydrazine is a suspected

carcinogenic chemical. Handle hydrazine
only in a fume hood. Avoid all oxidizing
agents. Wear personal safety equipment.

Note location of the closest fire extin-
guisher, safety shower, and eyewash
fountain. Ensure test area conforms to
good housekeeping standards. Monitor
working area MMH concentration with a
calibrated monitoring device.

8.1.4 Preparation of Reagents

8.1.4.1 Sulfuric acid absorbing solution, 0.1 N (nominal)-
Pipet 3 ml of concentrated sulfuric acid into 1
liter volumetric flask containing approximately 500
ml D.I. water, mix, and bring volume to mark with
D.I. water.

.2 p-DAB Solution - Mix 1.6 g p-DAB, 5 ml concentrated
H 2S04 , and 200 ml methanol in an amber reagent
bottle. Store in dark place. Shelf life of the
solution is two weeks.
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8.1.4.3 Monomethyl hydrazine stock solution - 100 ppm -
Transfer 0.157 g of MMH-H 2SO4 salt, weighed to the
nearest 0.01 mg, to a 500 ml volumetric flask con-
taining about 100 ml of 0.1 N H2S04. Mix. Fill to
the mark with 0.1 N H2SO4.

.4 MMH working standard solutions - Pipet 0.5, 1.0, and
2.0 ml of monomethyl hydrazine stock solution re-
spectively into 100 ml volumetric flasks and bring
to volume with 0.1 N H2SO4 . The concentrations of
the working standard solutions are 0.5, 1.0, and 2.0
ppm.

8.1.5 Sampling of Monomethyl Hydrazine Vapor

8.1.5.1 Set up the sampling apparatus as in Figure 1.

.2 Pipet 25 ml of 0.1 N H2SO4 into the impinger, grease
the stopper lightly, and close.

.3 Turn on the air pump and adjust the flow rate con-
trol valve to pass 0.5 liter per minute flow.

.4 Attach the inlet of midget impinger to hydrazine
vapor source with a short piece of Teflon tubing.

.5 As a guide, sample 6 liters for 1.5 ppm monomethyl
hydrazine vapor and 3 liters for 5 ppm monomethyl
hydrazine vapor.

8.1.6 Analysis of Sample

8.1.6.1 Pipet 10 ml of 0.1 N H2S0 4 , 0.5 ppm, 1.0 ppm, and 2
ppm working standard solutions and sample solutions
respectively into labeled glass vials. The 10 ml of
0.1 N H2SO4 solution is used as reagent blank.

.2 Pipet 4 ml of p-DAB solution into each vial; cap, and
mix thoroughly.

.3 After 30 minutes, zero the spectrophotometer with
reagent blank at 457 nm and slit 2.

.4 Read the absorbances of the standard and sample
solutions against reagent blank.

NOTE

Refer to spectrophotometer instruction
manual as required.
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8.1.6.5 Plot absorbance readings vs. concentrations of the
standard solutions.

.6 Determine from the standard curve the concentrations
of MMH present in each sample solution.

8.1.7 Calculation

ppm MMH in nitrogen (or air) = 13.3 A
V

A = ppm of MMH in sample solution

V = liters of MMH vapor sampled

Glass
oo l Fl w0 0

Control. Pump

Scrubber Valve WET TEST
METER

FIGURE 1 - HYPERGOLIC FUEL VAPOR SAMPLING APPARATUS
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8.2 DETERMINATION OF HYDRAZINE VAPOR CONCENTRATION IN
NITROGEN OR AIR

8.2.1 Apparatus

8.2.1.1 Spectrophotometer, UV-VIS, Varian Series 634, or

equal.

.2 Cells, Silica, UV-VIS, 1 cm rectangular.

.3 Balance, analytical.

.4 Gas meter, wet test, precision, ASTM D1071, cali-
brated, or equal.

.5 Air sampling pump.

.6 Glass midget impinger, fritted, 170-220 p maximum
pore diameter.

.7 Pipets, serological, 10 ml.

.8 Pipets, volumetric, 0.5 ml, 1 ml, 2 ml, 10 ml, 15
ml, and 20 ml.

.9 Flasks, volumetric, 100 ml, 200 ml, and 500 ml.

.10 Glass vials with screw caps, 20 ml.

.11 Graduated cylinder, 20U ml.

.12 Amber reagent bottle, 250 ml.

.13 Glass wool.

.14 Stopcock grease.

.15 Flow control valve.

.16 Tubing, Teflon and Tygon, assorted sizes and
lengths.

8.2.2 Chemicals

8.2.2.1 Sulfuric acid, H2 S04 , concentrated, reagent grade.

.2 p-Dimethylaminobenzaldehyde, p-DAB, reagent grade.

.3 Hydrazine sulfate, (N2H 4 ).H2 S04 , reagent grade.

.4 Methanol, CH3OH, absolute, reagent grade.
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8.2.2.5 0. I. water.

8.2.3 Safety

8.2.3.1 General - Refer to Section IV of Toxic Vapor Detec-
tor Calibration Manual 4-0-111 for safety require-
ments and specific hazards, precautions and emergen-
cy procedures concerning fire (Paragraph 4.4.1) and
hypergols (Paragraph 4.4.4.).

8.2.3.2 Safety Equipment (Personal)

8.2.3.2.1 Face shield.

.2 Laboratory coat or rubber apron.

.3 Gloves, chemical-resistant.

8.2.3.3 Safety Equipment (Laboratory)

8.2.3.3.1 Fume hood.

.2 Safety shower and eyewash fountain.

.3 N2H4 concentration monitoring device.

.4 Fire extinguisher.

WARNING

Hydrazine is a suspected carcinogenic
chemical. Handle hydrazine only in a
fume hood. Avoid all oxidizing agents.
Wear personal safety equipment. Note
location of the closest fire extinguish-
er, safety shower, and eyewash fountain.
Ensure test area conforms to good house-
keeping standards. Monitor working area
hydrazine concentration with a calibrated
monitoring device.

8.2.4 Preparation of Reagents

8.2.4.1 Sulfuric acid absorbing solution, 0.1 N (nominal)-
Pipet 3 ml of concentrated sulfuric acid into 1
liter volumetric flask containing approximately 5UO
ml D.I. water, mix, and bring volume to mark with
D.I. water.

.2 p-DAB Solution Mix 1.6 g p-DAB, 5 ml concentrated
H2S04, and 200 ml methanol in an amber reagent
bottle. Store in dark olacp. Shplf lifa nf th"
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8.2.4.3 Hydrazine stock solution - 100 ppm - Transfer 0.204
g of (N2H4 .H 2 S04 salt, weighed to the nearest 0.01
mg, to a 500 ml volumetric flask containing about
100 ml of 0.1 N H2 SO4 . Mix. Fill to the mark with
0.1 N H2 SO4 .

.4 Hydrazine working standard solutions - Pipet 0.5,
1.0, and 2.0 ml of hydrazine stock solution respec-
tively into 10 ml volumetric flasks and bring to

0" volume with 0.1 N H2SO4 . The concentrations of the
working standard solutions are 0.5, 1.0, and 2.0
ppm.

8.2.5 Sampling of Hydrazine Vapor

8.2.5.1 Set up the sampling apparatus as in Figure 1.

.2 Pipet 25 ml of 0.1 N H2SO4 into the impinger, grease
the stopper lightly, and close.

.3 Turn on the air pump and adjust. the flow rate con-
trol valve to pass 0.5 liter per minute flow.

.4 Attach the inlet of midget impinger to hydrazine
vapor source with a short piece of Teflon tubing.

.5 As a guide, sample 6 liters for 1.5 ppm hydrazine
vapor and 3 liters for 5 ppm hydrazine vapor.

8.2.6 Analysis of Sample

8.2.6.1 Pipet 10 ml of 0.1 N H2S04, 0.5 ppm, 1.0 ppm, and 2
ppm working standard solutions and sample solutions
respectively into labeled glass vials. The 10 ml of
0.1 N H2S04 solution is used as reagent blank.

.2 Pipet 0.5 ml of p-DAB solution into each vial; cap, and
mix thoroughly.

.3 After 30 minutes, zero the spectrophotometer with
reagent blank at 457 nm and slit 2.

.4 Read the absorbances of the standard and sample
solutions against reagent blank.

NOTE

Refer to spectrophotometer instruction
manual as required.
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8.2.6.5 Plot absorbance readings vs. concentrations of the
standard solutions.

.6 Determine from the standard curve the concentrations
of hydrazine present in each sample solution.

8.2.7 Calculation

ppm N2 H4 in nitrogen (or air) = 19.1 A

V

A = ppm of hydrazine in sample solution

V = liters of hydrazine vapor sampled

Wool
Flow
Contro Pump

Scrubber Vive WET TEST
METER

FIGURE I - HYPERGOLIC FUEL VAPOR SAMPLING APPARATUS
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13.2 DETERMINATION OF MMH AND N2H4 CONCENTRATION COLLECTED
ON DOSIMETERS USING PHOSPHOMOLYBDIC ACID (PMA) METHOD

13.2.1 Apoaratus

13.2.1.1 Balance, top load.

.2 Dark bottle, 500 ml.

.3 Spectrophotometer, Spectronic 21 or equal.

.4 Sample tube for spectrophotometer.

.5 Temperature-controlled environment.

.6 Volumetric flasks, 25 .1, 100 ml, 2 liter.

.7 Beakers, 500 ml.

.8 Graduated cylinder, 500 ml.

.9 Magnetic stirrer and stirring bar.

.10 Syringe, 50 ul.

.11 Whatman No. 41 filter paper.

.12 Unexposed dosimeter badges, as prepared in Appendix
13.1.

.13 Mi.-ropipets, 10, 20, 50, and 100 pl sizes, with dis-
posable t ps.

13.2.2 Reagents

13.2.2.1 Phosphomolybdic acid, 20MoO3-2i13PO4 -48H 2O, reagent

grade.

.2 Hydrochloric acid, HCl, reagent grade.

.3 Hydrazine, N2 H4 , reagent grade.

.4 Monomethyl hydrazine, MMH, reagent grade.

.5 D.I. water.

.6 Ice.
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13.2.3 Safety - Refer to Section IV of 4-0-111 for safety
requirements and specific hazards, precautions, and
emergency procedures concerning fire (Paragraph 4.4.1),
hypergols (Paragraph 4.4.4), and acids (Paragraph
4.4.6).

13.2.3.1 Safety Equipment (Personal)

13.2.3.1.1 Face shield.

.2 Laboratory coat or rubber apron.

.3 Gloves, chemical-resistant.

WARNING

Concentrated sulfuric acid is very
corrosive. Wear gloves while handling
this chemical.

13.2.3.2 Safety Equipment (Laboratory)

13.2.3.2.1 Fume hood.

.2 Safety shower and eyewash fountain.

.3 MMH and N2H4 vapor concentration monitoring devices.

.4 Fire extinguisher.

WARNING

Monomethyl hydrazine and hydrazine
are suspected carcinogenic chemicals.
Handle 14MH and N2 H4 in a fume hood.
Avoid all oxidizing agents. Wear
personal safety equipment. Note
location of the closest fire exting-
uisher, safety shower, and eyewash
fountain. Ensure test area conforms
to good housekeeping standards.
Monitor working area MMH and N2 H4
concentrations with a calibrated
monitoring device.

39



APPENDIX B

Reference 4-0-111 Page 3 of 4 Appendix 13.2 PCR-lI

13.2.4 Preparation of Reagents

13.2.4.1 Phosphomolybdic acid color develop solution: Stir 9
grams of PMA in 300 ml of D.I. water in a beaker over-
night. Filter into a dark bottle and store in a dark
place. Do not allow the solid or liquid reagent to
contact metal.

.2 Hydrochloric acid, U.IU: Add 8.6 ml of HCl to a 2-
liter volumetric flask containing approximately 1 liter
0.1. water. Add D.I. water to mark and mix.

.3 Stock hydrazine solution, 320 pg/ml: Fill a 100 ml
volumetric flask to mark with O.1N HCI solution. Add,
below the surface, 31.7 ul N2H4  to the solution. Mix
well.

.4 Stock MMH solution, 320 ug/ml: Fill a 100 ml volumet-
ric flask to mark with 0.1N HCI solution. Add, below
the surface, 36.6 ul MMH to the solution. Mix well.

.5 Determine the actual concentration of the stock N2H4 or
MMH solution by coulometric analysis as outlined in
Appendix 8.11 of 4-0-111 using 10 pl of the stock
solution for the analysis.

.6 Reagent blank and working standards: Extract one
previously prepared, unexposed dosimeter badge for the
reagent blank and each Standard to be used. Extract by
placing the paper badge in 8 ml of 0.1N HCI and place
on a magnetic stirrer for approximately 1 minute.
Transfer the solution to a labeled 25 ml volumetric
flask. Rinse off badge with 5 ml of 0. IN HCl and add
this portion to the contents of the volumetric flask.
Add the amount of N2H4 or MMH stock solution listed in
the table below to each standard flask to yield the
desired concentration.

Number of pl Concentrations
N2H4  MMH

0 (blank) 0 0
10 3.17 3.20
20 6.34 6.40
50 15.85 16.00
100 31.70 32.00

13.2.5 Analysis of Dosimeter Samples

13.2.5.1 Extract the sample badges in the same manner that the
unexposed badges were extracted in Paragraph 13.2.4.6.

.2 Add 7.5 ml of PMA to each of the 25 ml flasks contain-
ing blank standards and samples. Fill to mark with

0.1N HCl. Mix.
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13.2.5.3 Digest each of the 25 ml flasks at 87 0 C for 50 minutes.

.4 Cool in ice bath to stop reaction.

.5 Allow solution to come to room temperature.

.6 Obtain absorbance readings at 730nm within 30 minutes.
Zero instrument with D. I. water. Read reagent blank,
standards, and samples against D. I. water.

NOTE

Refer to instrument manual as required.

13.2.6 Calculation

13.2.6.1 Plot absorbance vs. concentration of the standards.

.2 Read the result of the samples directly in ug from the

graph.
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13.3 DETERMINATION OF MMH AND N2H4 COLLECTED ON DOSIMETERS
USING COULOMETRIC METHOD

13.3.1 Apparatus

13.3.1.1 Coulometer, O.ima, 30mv, with platinum wire electrodes.

.2 150 ml beaker with 40 ml mark, used as reaction vessel.

.3 Stirring bar and magnetic stirrer.

.4 Recorder, Soltec Model 1241, or equal.

.5 Volumetric flask, 2 liter.

.6 Forcep, plastic.

.7 Pipet, graduated, 10 ml.

.8 Scoop, two scoops yield approximately 0.4 g KBr.

13.3.2 Reagents

13.3.2.1 Potassium brpmide, KBR, reagent grade.

.2 Sulfuric acid, H2S04, concentrated, reagent grade.

.3 D.I. water.

.4 Hydrazine, N2 H4 , reagent grade.

.5 Monomethylhydrazine, reagent grade.

13.3.3 Safety

13.3.3.1 Refer to Section IV of 4-0-111 for safety requirements
and specific hazards, precautions, and emergency proce-
dures concerning fire (Paragraph 4.4.1), hypergols
(Paragraph 4.4.4), and acids (Paragraph 4.4.6).

13.3.3.2 Safety Equipment (Personal)

13.3.3.2.1 Face shield.

.2 Laboratory coat or rubber apron.

.3 Gloves, chemical-resistant.
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WARNING

Concentrated sulfuric acid is very
corrosive. Wear gloves while handling
this chemical.

13.3.3.3 Safety Equipment '(Laboratory)

13.3.3.3.1 Fume hood.

.2 Safety shower and eyewash fountain.

.3 MMH and N2 H4 vapor concentration monitoring devices.

.4 Fire extinguisher.

WARNING

Monomethyl hydrazine and hydrazine are
suspected carcinogenic chemicals.
Handle MMH and N2H4 in a fume hood.
Avoid all oxidizing agents. Wear
personal safety equipment. Note location
of the closest fire extinguisher, safety
shower; and eyewash fountain. Ensure
test area conforms to good housekeeping
standards. Monitor working area MMH and
N2H4 concentrations with a calibrated
monitoring device.

13.3.4 Preparation of Reagents

13.3.4.1 Sulfuric acid, 0. I1: Pipet 5.6 ml of H2 SO4  concentra-
tion into a 1000 ml volumetric flask containlng approx-
imately 700 ml of D.I. water. Add D.I. water to the
mark. Mix well.

.2 Hydrazine stock solution, 100 ppm: Fill a 1UO ml
volumetric flask to the mark with O.IM H 2SO4 solution.
Add, below the surface, 10 pl of N2 H4 into the solu-
tion. Mix well. Solution is stable for one week.

.3 MMH stock solution, 100 ppm: Fill a 100 ml volumetric
flask to the mark with O.1M H2SO4 solution. Add, below
the surface, 11.4 ,l of MMH into the solution. Mix
well. Solution is stable for one week.
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13.3.5 Instrument Preparation

13.3.5.1 Set recorder parameters as follows:

Range - 500 mv
Speed - 60 cm per hour

.2 Turn coulometer power on.

.3 Fill the glass vessel containing a stirring bar to the
mark with O.IM H2SO4.

.4 Place the glass vessel on the magnetic stirrer. Stir

at medium speed.

.5 Add 1.5 scoops of KBr to the solution. Stir until KBr
is dissolved.

.6 Place the electrodes in the solution. Ensure the
electrolyte (0.1M H2 S04 ) in the bromine generating
electrode is approximately 1 inch above the solution in
the vessel.

.7 Turn on the recorder and lower the pen to start record-
ing. When the line on the chart paper is level, simul-
taneously activate the coulometer CELL switch and the
recorder marker.

.8 When the recording line deflects upward approximately
1-1/2 inches, deactivate the cell switch, lift up the
recorder pen, and promptly place the electrode in clean
D.I. water.

.9 Discard the solution in the vessel; rinse the vessel

with D.I. water, then with 0.1IM H2 SO4.

.10 Measure the reaction time in terms of distance in cm.

.11 Repeat Paragraphs 13.3.6.3 and 13.3.6.10 until three
consecutive runs indicate the same distance. This is
the blank value.

.12 To ensure that the instrument is functioning properly,
repeat Paragraphs 13.3.6.3 to 13.3.6.10 with 30jul of
N2H4 stock solution added to O.IM H2SO4 in the vessel.
The measured distance should be 6.0 cm +/-U.2 cm. If
this distance cannot be achieved, notify the shift
chemist.
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13.3.6 Analysis of Dosimeter Samples

13.3.6.1 Place dosimeter spacer and disc into the reaction
vessel containing approximately 35 ml O.1M H2 SO4 and
stir for approximately 30 seconds.

.2 While taking them out, rinse the spacer and disc with
approximately 10 ml 0.1M H2 SO4 . Ensure the volume of
solution in the reaction vessel is 40 ml.

.3 Repeat Paragraphs 13.3.6.4 through 13.3.6.10.

13.3.7 Calculation

moles MMH (or N2 H4 ) =

(cm specimen - cm blank.) x 60 sec x (.lxi0 - 3 amp)
min

chart speed cm x 96486 x 4e- (amp-sec)
min mole

pg MMH = moles MMH x 4.6 x 107

pg MMH = net cm for analysis titration x 0.715

ug N2H4 = moles N2 H4 x 3.2 x 107

pjg N2 H4 = net cm for analysis titration x 0.497

PPM MMH in Air (pug MMH) (24.45 I/mole)

(46.07 g/mole (I sampled)

PPM N2 1H4 in Air (pug N2 H4 ) (24.45 I/mole)

(32.05 g/mole) (I sampled)
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APPENDIX C

Data tables for the KSC Field Testing

of the Citrate Sampler.

The data for each individual test is presented in one table.

The first column indicates the type of sample and distinguishes area and personnel samples.

The second column is used to designate the sampling site. At each test location two sites were
selected.

The column titled "Day" indicates the day(s) the sample was exposed. For samples that were
placed on a Monday and collected on Friday a "to 5" would appear.

The results of the analysis are in the remaining columns labeled A, B, C, and D.

The "A" column contains the eoulometric titration results.

The "B" column contains the PMA results unless indicated by an * which indicates the
coulometric spike procedure was used.

The "C" column is used for color badge results. NC is used to indicate No color.

The "D" column is used for the PDAB results obtained from the liquid impinger samples.
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DATA FRO4 FIELD TEST KO

PPM

MICROGRAMS HRS PPM

TYPE AREA DAY -A B C D

CITRATE PERSONNEL 1 1 0

2 1 0.11

1 2 0.07

2 2 0.07

1 3 0.11

2 3 0.07

1 4 0.14

2 4 0.07

1 5 0.07 3.5

2 5 0.07 2.92

CITRATE AREA I TO 1 0.04

1 TO 1 0.07

2 TO 1 *0.07

2 TO 1 0.04

1 TO 3 0.07

1 TO 3 0.11

2 TO 3 0.07

2 TO 3 0.18

1 TO 5 0.07 3.11

1 TO 5 0.07 2.92

2 TO 5 0.07 1.96

2 TO 5 0.04 2.53

CITRATE LAB BLANK WT 0.04

WT <0.04

UT 0.04

WT 0.07

COLOR AREA 1 TO 5 NC

2 TO 5 NC

IMPINGER AREA 1 1 <0.05

2 1 0.06

1 2 0.05

2 2 0.05

1 3 <0.05

2 3 <0.05

1 4 <0.05

2 4 <0.05

1 5 0.05

2 5 <0.05

* Anatyzed by coulometric spike procedure.

Detection Limit = 0.12 ug (couL)

Guant limit= 0.4 ug (coul)

48



DATA FROM FIELD TEST K02
PPM

.MICROGRAMS MRS PPM

TYPE AREA DAY A B C D

CITRATE PERSONNEL BOTH 1 0.07 3.7

1 0.04

2 0.21 4.2

2 0.79 3.8

3 0.32 3.1

3 0.25 2.8

4 0.07 *0.34

4 0.47 *0.18

5 0.04 3.6

5 0.11 2.5

CITRATE AREA 1 TO 1 0.04

1 TO 1 0.07

2 TO 1 0.11

2 TO 1 0.07

1 TO 3 0.04

1 TO 3 0.04

2 TO 3 0.04

2 TO 3 0.04

1 TO 5 0.04 2.1

1 TO 5 (0.04 2.1

2 TO 5 c0.04 2.1

2 TO 5 -0.04 2.5

CITRATE FIELD BLANK 0.07

0.11

0.36

0.11

3

CITRATE LAB BLANK WT 0.07

T v0.04

WT '0.04

UT 0.04

UT 0.07

UT 0.07

COLOR AREA (1) TO 5 NC

(2) TO 5 NC

IMPINGER AREA 1 1 <0.05

2 1 0.05

1 2 cO.05

2 2 (0.05

1 3 '0.05

2 3 <0.05

1 4 <0.05

2 4 <0.05

1 5 <0.05

2 5 40.05

* AnaLyzed by the coutonetric spike procedure.

Detection Limit 0.12 ug (couL)

Quant Limit z 0.4 ug (cout)
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DATA FRO4 FIELD TEST K03

PPM

MICROGRAMS HRS PPM

TYPE AREA DAY A B C D

CITRATE PERSONNEL 1 1 1.36 *0.14

2 1 0.07

1 2 0.04

2 2 0.07

1 3 0.11

2 3 2.6 *0.86

1 4 0.07

2 4 0.14

1 5 0.11

2 5 0.18

CITRATE AREA 1 TO 1 0.04

1 TO 1 0.04

2 TO 1 0.04

2 TO 1 0.04

1 TO 3 0.07

1 TO 3 0.07

2 TO 3 0.07

2 TO 3 0.07

1 TO 5 0.07

1 TO 5 0.25

2 TO 5 0.11

2 TO 5 0.14

CITRATE FIELD BLANK 0.07

0.11

0.04

CITRATE LAB BLANK UT 0.07

WT <0.04

UT 0.04

CITRATE BLANK 0.1

COLOR N/A

IMPINGER AREA 1 0.05

2 <0.05

1 <0.05

2 -0.05

1 (0.05

2 <0.05

1 <0.05

2 '0.05

1 <0.05

2 <0.05

* Analyzed by coutometric spike procedure.

Detection Limit x 0.12 ug (cout)

uant limit = 0.4 ug (coul)
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DATA FROM FIELD TEST K04

PPM

MICROGRAMS HRS PPM

TYPE AREA DAY A B C D

CITRATE PERSONNEL BOTH 1 0.14

BOTH 1 0.04

BOTH 2 0.07

BOTH 2 0.04

BOTH 3 0.04

BOTH 3 0.11

BOTH 4 0.04

BOTH 4 0.04

BOTH 5 0.04

BOTH 5 0.04

CITRATE AREA 1 TO 1 0.04

1 TO 1 0.04

2 TO 1 0.04

2 TO 1 0.04

1 TO 3 0.07

1 TO 3 0.04

2 TO 3 0.04

2 TO 3 0.04

1 TO 5 <0.04

1 TO 5 0.04

2 TO 5 <0.04

2 TO 5 <0.04

CITRATE FIELD BLANK 1 <0.04

2 0.04

EG&G 0.04

EG&G 0.0

CITRATE LAB BLANK WT 0.04

WT 0.04

WT 0.04

WT 0.04

CITRATE BLANK 0.07

COLOR AREA 1 TO 5 NC

2 TO 5 NC

COLOR PERSONNEL BOTH TO 5 NC

BOTH TO 5 NC

BOTH TO 5 NC

BOTH TO 5 NC

IMPINGER AREA 1 1 <0.05

2 1 <0.05

1 2 <0.05

2 2 <0.05

1 3 <0.05

2 3 c0.05

1 4 '0.05

2 4 <0.05

1 5 '0.05

2 5 <0.05

* AnaLyzed by coulometric spike procedure.

Detection Limit - 0.12 ug (cout)

Ouant Limit - 0.4 ug (cout)
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DATA FROM FIELD TEST K06

PPM

MICROGRAMS HRS PPM

TYPE AREA DAY A B C D

CITRATE PERSONNE. 2 0.04

2 0.21 *0.57

4 0.04

4 0.04

CITR TF AREA 1 TO 1 0.32 '0.21

1 TO 1 0.36 '0.32

2 TO 1 0.07

2 TO 1 0.11

1 To 3 0.32

1 TO 3 0.18 *0.38

2 TO 3 0.07 *0.31

2 TO 3 0.18

1 TO 4 0.07

1 TO 4 '0.21

2 TO 4 0.14 *0.5

2 TO 4 0.13 *0.54

CITRATE BLANK EG&G 2 0.02

EG&G 2 0.04 *4

EG&G 4 0.79 *1

EG&G 4 0.07

EG&G 4 VOID '0.14

E,&G 4 0.04 t0.04

EG&G TO 4 0.04 *0.04

CITRATE FIELD BLANK 1 TO 2 0.07 '0.45

2 TO 2 0.61 *0.04

1 TO 3 0.04

2 TO 4 0.0. *0.04

CITRATE LAB BLANK WT 0.0

WT 0.04

WIT 0.01

COLOR AREA I TO 1 NC

2 TO 1 NC

1 To 2 NC

2 TO 2 NC

I TO 3 NC

2 TO 3 NC

1 TO 4 NC

1 TO 4 "*0.11 NC ' Suspected of misrurbering

2 TO 4 NC

2 TO 4 NC

IMPINGER AREA I 1 0.05

2 I -0.05

1 2 <0.05

2 2 <0.05

1 3 -0.05

2 3 '0.05

1 4 '0.05

2 4 <0.05

*Analyzed by coutometric spike procedure. Detection Limit = 0.12 ug (coul) Ouant im;t = 0.4 ug (cout)
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DATA FROM FIELD TEST K07

t4MH PPM

TYPE AREA DAY MICROGRAMS HRS PPM COMMENT

A B C D

CITRATE AREA I TO 1 3.18 <0.5

1 TO 1 4.58 0.9

2 TO 1 1.57 <0.5

2 TO 1 0.57 0.7

1 TO 3 8.65 2.2

1 TO 3 18.66 1.1

2 TO 3 3.7S <0.5

2 TO 3 1.86 <0.5

1 TO 5 13.59 0.7

1 TO 5 23.67 <0.5

2 TO 5 2.71 <0.5

2 TO 5 2.57 <0.5

CITRATE PERSONNEL 4 5.58 3.25 THE "A" BADGE WAS WET

4 5.11 4.29

5 8.79 '0.5

5 11.26 2.6

CITRATE BLANK 1 8.4

1 12.1

2 1.75

2 1.43

COLOR AREA 1 TO 1 NC

1 TO 2 NC

1 10 3 NC

I TO 4 NC

1 TO 5 NC

2 TO 1 NC

2 TO 2 NC

2 TO 3 NC COLOR AFTER AFTER HCI EXPOSURE

2 TO 4 <0.07

2 TO 5 <0.07

IMPINGER AREA 1 1 <0.0

2 1 <0.05

1 2 <0.05

2 2 <0.05

1 3 <0.05

2 3 0.28

1 4 <0.05

2 4 <0.05

1 5 <0.05

2 5 <0.05

Detection Limit 0.12 ug (cout)

Ouant limit = 0.4 u5 (coul)
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DATA FROM FIELD TEST K08

HYDRAZINE PPM

TYPE AREA DAY MICROGRAMS MRS PPM COMMENT

A B C D

CITRATE AREA 1 TO 1 5.29 <1.5
1 TO 1 6.21 <1.5

1 TO 3 4.85 <1.5
1 TO 3 5.96 <1.5

1 TO 5 9.02 1.5

1 TO 5 9.99 1.5

2 TO 1 1.42 1.5

2 TO 1 0.97

2 TO 3 1.12 <1.5

2 TO 3 0.75 <1.5

2 TO 5 0.37 1.5
2 TO 5 0.12 <1.5

CITRATE BLANKS 1 TO 1 3.85 * NO (A, B) DESIGNATE

1 TO 2 3.16 BLIND BLANKS

1 TO 3 3.21

1 TO 4 5.09

1 TO 5 4.35

2 TO 1 2.24

2 TO 2 0.55

2 TO 3 1.09

2 TO 4 1.64

2 TO S 0.87

CITRATE BLANK OFFICE <0.03

OFFICE 0.22 1.5

COLOR AREA 1 TO 1 NC

1 TO 2 NC

1 TO 3 NC

1 TO 4 NC

1 TO 5 NC

2 TO I NC

2 TO 2 NC

2 TO 3 NC

2 TO 4 NC

2 TO 5 NC

IMPINGER AREA 1 1 <0.02

2 1 <0.02

1 2 10.02

2 2 -0.02

1 3 <0.02

2 3 <0.02

1 4 <0.02

2 4 -0.02

1 5 <0.02

2 5 <0.02

Detection Limit - 0.12 ug (cout)

Cuant limit - 0.4 ug (cout)
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DATA FROM FIELD TEST K09

PPM

MICROGRAMS HRS PPM COMMENTS

TYPE AREA DAY A B C D

CITRATE AREA I TO 1 5.08 -

1 TO 1 5.61 N/A

1 TO 3 6.36

1 TO 3 8.58 --

1 TO 3 7.61

I TO 3 8.08 '7.6

2 TO 1 3.00 *2.99

2 TO 1 2.54 '2.56

2 TO 3 5.68 --

2 TO 3 2.72 N/A

2 TO 3 3.54 *3.52

2 TO 3 3.25 N/A

CITRATE BLANK I TO 1 3.47

1 TO 2 2.93

I TO 3 4.25

1 TO 3 2.90

1 TO 3 3.18

2 TO 1 2.11

2 TO 2 1.93

2 TO 3 2.25

2 TO 3 1.75

2 TO 3 >43.8 SUSPECT DATA

COLOR AREA 1 TO 1 <0.07

1 TO 2 0.07

1 TO 3 0.14

1 TO 3 0.14

1 TO 3 0.14

2 TO 1 <0.07

2 TO 2 -0.07

2 TO 3 <0.07

2 TO 3 <0.07

2 TO 3 <0.07

IMPINGER AREA 1 1 0.05

2 1 0.1

1 2 '0.1

2 2 <0.1

1 3 <0.1

2 3 <0.1

* Analyzed by coutometric spike procedure.

-- SPEC 20 broken, samples lost.

Detection Limit - 0.12 ug (cout)

Cuant Limit 0.4 ug (cout)
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DATA FROM FIELD TEST KiO

PPM

TYPE AREA DAY MICROGRAMS HRS PPM COMMENTS

A B C D

CITRATE AREA 1 TO 1 12.58 <1.5

1 TO 1 13.01 <1.5

1 TO 3 27.78 1.5

1 TO 3 20.20 <1.5

1 TO 5 -- <1.5 WET

1 TO 5 -- <1.5

* CITRATE AREA 1 TO 1 0.04

1 TO 1 0.07

I TO 3 2.07

1 TO 3 1.5

1 TO 5 --

I TO 5 --

CITRATE BLANK 2 3 2.82

2 4 1.32

2 5 1.72

CITRATE BLANK 1 TO 1 6.44 <1.5

1 TO 2 12.19 <1.5

1 ro 3 6.47 '1.5

I TO 4 8.72 <1.5 MAY HAVE BEEN WET, DRY AT ANALYSIS TIME

1 TO 5 13.94 <1.5 WET

COLOR AREA 1 TO 1 NC

1 TO 2 NC

I TO 3 <0.07

1 TO 4 -- WET

1 TO 5 -- CONTAMINATED WITH SAND

IMPINGER AREA 1 1 <0.05

1 1 <0.05

1 2 <0.05

1 2 <0.05

1 3 '0.05

1 3 <0.05

1 4 <0.05

1 4 <0.05

1 5 <0.05

1 5 <0.05

BLANKS AND STANDARDS

7/12/88 7/13/88 7/14/88 7/15/88 7/18/88

100 PPM STD 96.5 104 106 106 105

UT BLK 1 0.11 0.11 0.18 .57 .18

WT BLK 2 0.18 0.11 0.18 1.07, .43 1.07

MYLAR BLK 0.07 0.07 <.04 .14

AVERAGE OF WT BLK I AND 2 USED TO CORRECT DATA

...............................................................................................................

I A Mytar substrate was used for these samples.

Detection Limit x 0.12 ug (cout)
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DATA FROM FIELD TEST KIDA
PPM

MICROGRAMS HRS PPM COMMENTS

TYPE AREA DAY A B C D

CITRATE AREA 1 TO 1 - <1.0

1 TO 1 <0.04 <1.0

1 TO 3 <0.04 -.

1 TO 3 <0.04 <1.0

1 TO 5 <0.04 --

1 TO 5 0.09 <1.0

2 TO 1 0.04 <1.0

2 TO 1 0.21 <1.0

2 TO 3 0.09 <1.0

2 TO 3 0.27 <1.0

2 TO 5 0.13 <1.0

2 TO 5 0.09 1.0

CITRATE BLANK 1 TO 1 <0.04 <1.0

1 TO 3 <0.04 <1.0

1 TO 5 0.13 <1.0

2 TO 1 <0.04 <1.0

2 TO 3 <0.04 <1.0

2 TO 5 0.09 1.2

IMPINGER AREA 1 1 <0.05

2 1 <0.05

1 2 <0.05

2 2 <0.05

1 3 <0.05

2 3 <0.05

1 4 <0.05

2 4 <0.05

1 5 <0.05

2 5 <0.05

BLANKS AND STANDARDS

1/17/89 1/19/81/23/89

100 PPM STD 102 109 104

WT BLK 1 0.18 0.18 0.04

WT BLK 2 -- 0.29 0

AVERAGE OF WT BLK 1 AND 2 USED TO CORRECT DATA

.................................................................. .. °

-- Samples Lost

Detection Limit = 0.12 ug (couL)

Ouant Limit = 0.4 ug (coul)
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DATA FRO4 FIELD TEST Kll
PPM

TYPE AREA DAY MICROGRAMS NRS PPM

A B C D

CITRATE AREA I TO 1 - 1.0

1 TO 1 0.29 1.0

1 TO 3 0.45 1.0

1 TO 3 0.45 1.0

1 TO 5 0.5 * 0.7

1 TO 5 0.3 * 0.5

2 TO 1 0.07 <1.0

2 TO 1 0.14 1.0

2 TO 3 0.23 1.0

2 TO 3 0.45 1.0

2 TO 5 0.21 * 0.21

2 TO 5 0.14 * 0.14

CITRATE BLANK 1 TO 1 0.07 (1.0

1 TO 3 0.3 01.0

1 TO 5 <0.04 *<0.04

2 TO 1 0.07 1.0

2 TO 3 0.5 <1.0

2 TO 5 <0.04 "0.04

IMPINGER AREA 1 1 <0.05

2 1 <0.05

1 2 <0.05

2 2 <0.05

1 3 <0.05

2 3 <0.05

1 4 <0.05

2 4 <0.05

1 5 <0.05

2 5 <0.05

................................................................ .........

BLANKS AND STANDARDS
2/14/89 2/16/89 2/20189

100 PPM STO 100 104 103

UT BLK 1 0.04 0.07 0.04

UT BLK 2 0.00 0.09 0.04

AVERAGE OF UT BLK 1 AND 2 USED TO CORRECT DATA

.....................................................................

* Analyzed by the coulometric spike procedure.

Detection Limit = 0.12 ug (Coul)

Ouant Limit = 0.4 ug (coul)
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DATA FROM FIELD TEST K12

PPM

MICkOGRAMS HRS PPM COMENTS

TYPE AREA DAY A B C D

CITRATE AREA 1 TO ( <0.03 1.0

1 TO 1 <0.03 <1.0

1 TO 3 <0.03 -

1 TO 3 <0.03 <1.0

1 T0" 7 <0.03 <1.0

1 To* 7 0.25 1.0

2 TO 1 <0.03 ...

2 TO 1 0.1 1.0

2 TO 3 <0.03 -- -

2 TO 3 0.03 1.0

2 TO* 7 0.6 1.0

2 TO* 7 0.5 '1.0

CiTRATE BLANK 1 TO 1 0.05 <1.0

1 TO 3 0.1 ---

1 TO* 7 <0.03 1.0

2 TO 1 <0.03 1.0

2 TO 3 <0.03 1.0

2 T0* 7 <0.03 <1.0

IMPINGER AREA 1 1 <0.02

2 1 <0.02

1 2 <0.02

2 2 <0.02

1 3 <0.02

2 3 <0.02

1 4 <0.02

2 4 '0.02

1 7 <0.02

2 7 <0.02

BLANKS AND STANDARDS

2/22/89 2/24/89 2/28/89

100 PPM STD 99.6 98.5 96.7

WT BLK 1 0.07 0.0 0.0

WT BLK 2 0.14 0.0 0.0

AVERAGE OF WT BLK I AND 2 USED TO CORRECT DATA

--- Suspended matter, no PHA data.

* Samples seated over weekend, total exposure only 5 days.

Detection Limit - 0.12 ug (coul)

Quant Limit = 0.4 ug (cout)
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DATA FROM FIELD TEST K13

PPM

MICROGRAMS MRS PPM COMMENTS

TYPE AREA DAY A B C D

CITRATE AREA 1 TO 1 0.07 <1.0

I TO 1 <0.04 0.0

1 TO 3 <0.04 <1.0

I TO 3 <0.04 <1.0

1 TO 5 <0.04 <1.0

1 TO 5 <0.04 1.0

2 TO 1 0.14 <1.0

2 TO 1 <0.04 <1.0

2 TO 3 <0.04 <1.0

2 TO 3 <0.04 <1.0
2 TO 5 <0.04 <1.0

2 TO 5 0.04 <1.0

CITRATE BLANK 1 TO 1 <0.04 <1.0

1 TO 1 <0.04 1.6

1 TO 3 0.04 <1.0

2 TO 3 0.07 <1.0

2 TO 5 <0.04 <1.0

2 TO 5 0.04 <1.0

IMPINGER AREA 1 1 <0.05

2 1 <0.05

1 2 0.09

2 2 0.09

1 3 <0.05

2 3 <0.05

1 4 0.06

2 4 <0.05

1 5 <0.05

2 5 <0.05

BLANKS AND STANDARDS
3/28/89 3/30/89 4/3189

100 PPM STO 107 104 107

WT BLK 1 0.00 0.00 0.21

WT BLK 2 0.00 0.14 0.21

AVERAGE OF UT BLK 1 AND 2 USED TO CORRECT DATA

* Samples analyzed by couLometry.
**Samples were damp.

Detection Limit - 0.12 ug (cout)

Ouant Limit = 0.4 ug (cout)
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DATA FROM FIELD TEST K13A

PPM

MICROGRAMS MRS PPM

TYPE AREA DAY A B C D

CITRATE AREA 1 TO 1 21.77 *26.62

I TO 1 16.52 * 17.55

1 TO 3 15.61 * 23.19

1 TO 3 23.54 * 22.65

1 TO 5 **>28 **,*>28

1 TO 5 **24.5

CITRATE BLANK 1 TO 1 <0.04

1 TO 3 <0.04

1 TO 5 **<0.04

BLANKS AND STANDARDS

3/28/89 3/30/89 4/3/89

100 PPM STD 107 104 107

WT BLK 1 0.00 0.00 0.21

WT BLK 2 0.00 0.14 0.21

AVERAGE OF WT BLK 1 AND 2 USED TO CORRECT DATA

* Samples analyzed by coutometry.
**Samples were damp.

Detection Limit = 0.12 ug (cout)

Quant limit = 0.4 ug (cout)
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DATA FRO4 FIELD TEST K4

MICROGRAMS BADGE HOUSING

TYPE AREA DAY A B B = BLACK WB = WHITE

CITRATE AREA I TO 1 >14.2 1 BB ROOF, HORIZ

1 TO 3 >15.9 .I BB

1 TO 5 >14.6 <I B8

2 TO 1 2.4 <1 B ROOF, VERT., SOUTH

2 TO 3 3.5 41 SB

2 TO 5 9.0 1 BB

3 TO 1 13.5 7.4 wS ANTENNA, HORIZ

3 TO 3 >16.3 >10.0 WS

3 TO 5 >14.9 >10.0 WS

4 TO 1 2.9 <1.0 B ANTENNA, VERT., SOUTH

4 TO 3 5.0 1.0 as

4 TO 5 >14.4 <1.0 B

CITRATE BLANK 1 TO 1 <0.04 B BLANKS

2 TO 1 1.0 B

1 TO 3 <0.04 B

2 TO 3 <1.0 Be

1 TO 5 -0.04 B

2 TO 5 -- BB

3 TO 1 14.3 wS

4 TO1 <1.0 WS

3 TO 3 >17.7 WS

4 TO 3 1.0 WS

3 TO 5 *>25.5 WS

4 TO 5 <1.0 WS

BLANK OFFICE TO 5 <0.04 1.0 Be

OFFICE TO 5 4.2 1.0 WS

*Problem with coutometric instrument, data may be suspect.

Detection Limit = 0.12 ug (coul)

Quant Limit = 0.4 ug (cout)
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DATA FROM FIELD TEST K15

PPM

,MICROGRAMS HRS PPM COMMENTS

TYPE AREA DAY A B C D

CITRATE AREA 1 TO 1 2.7 <1 w

1 TO 1 <0.04 B
I TO 1 0.05 B

1 TO 3 0.79 *0.09 w

I TO 3 <0.04 e

1 TO 3 <0.04 <1 B

1 TO 5 0.29 '0.63 ,

1 TO 5 0.07 <1 8

1 TO 5 <0.04 <1 B

CITRATE AREA 2 TO 1 1.93 <1 w

2 TO 1 <0.04 B

2 TO 1 0.05 B

2 TO 3 0.36 *0.2 w

2 TO 3 <0.04 8

2 TO 3 <0.04 B
2 TO 5 0.57 *0.84 6

2 TO 5 0.07 <1 B
2 TO 5 <0.04 <1 B

CITRATE BLANKS 1 TO 1 2.36 <1 I,

1 TO 1 <.04 B

1 TO 3 .5 w
I TO 3 <.04 B

I TO 5 .41 *0.52 U

1 TO 5 .14 *<0.04 B
CITRATE BLANKS 2 TO 1 .93 <1 ,

2 TO 1 <.04 B

2 TO 3 .36 '0.17 u

2 TO 3 <.04 B

2 TO 5 .79 '0.7 w

2 TO 5 <.04 <1 B

COLOR AREA 1 1 NC

2 1 NC

1 2 WC

2 2 NC

1 3 NC

2 3 NC

1 4 NC

2 4 NC

1 5 NC

2 5 NC

IMPINGER AREA 1 1 <0.1

2 1 <0.1

1 2 <0.1

2 2 <0.1

1 3 <0.1

2 3 <0.1

1 4 <0.1

2 4 <0.1

1 5 LOST

2 5 LOST

* Anatyzed by the coultmetric spike procedure. Detection Limit = 0.12 ug (coul) Ouant timit = 0.4 ug (cout)
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DATA FROM FIELD TEST K16

TYPE AREA DAY MICROGRAMS BADGE

A B HOUSING

CITRATE PERSONNEL 1 1 13.66 <1.0 W

1 1 <0.04 <1.0 B

2 1 >16.8 1.0 U

2 1 1.0 (1.0 B

1 2 4.65 1.7 w
1 2 0.14 *<0.04 B

2 2 >14.3 <1.0 U

2 2 <0.04 01.0 B

2 3 >14.3 2.7 w

2 3 0.21 *0.07 B

1 3 5.36 '1.0 U

1 3 0.14 *<0.04 B

* Analyzed by the couLometric spike procedure.

Detection Limit = 0.12 ug (coul)

Quant Limit = 0.4 ug (coul)
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DATA FROM FIELD TEST K17

PPM

MICROGRAMS HRS PPM BADGE

TYPE AREA DAY A a C D HOUSING

CITRATE AREA I TO 1 1.79 <1.0 U

1 TO 1 <0.04 B

1 TO 1 <0.04 *<O.04 B

TO 3 4.6 <1.0 W

1 TO 3 0.07 B

1 TO 3 <0.04 <1.0 B

1 TO 5 2.86 <1.0 U

1 TO 5 <0.04 B

1 TO 5 <0.04 B

2 TO 1 1.39 <1.0 w
2 TO 1 <0.0. B

2 TO 1 <0.04 B
2 TO 3 0.57 <1.0 U
2 TO 3 '0.04 *<0.04 B

2 TO 3 <0.04 *<O.04 B
2 TO 5 '0.04 <1.0 w

2 TO 5 <0.0. B

2 TO 5 <0.04 B

CITRATE BLANKS 1 TO 1 1.79 <1.0 W

1 TO 1 <0.04 B

1 TO 3 3.79 <1.0 w
1 TO 3 <0.04 B

1 TO 5 2.79 <1.0 ,

1 TO 5 <0.04 B

2 TO 1 1..3 <1.0 w
2 TO 1 <0.04 *<0.04 B

2 TO 3 0.14 <1.0 U

2 TO 3 <0.04 B

2 TO 5 0.18 <1.0 w

2 TO 5 <0.0 B

CITRATE PESONNEL 1 2.15 <1.0 w

1 <0.04 a

1 1.43 <1.0 w

1 <0.04 B

3 <0.04 B

3 <1.0 W

3 2.36 w

5 <0.04 <1.0 B

5 <0.04 <1.0 W

COLOR AREA 1 1 -- NC/VAN SLIGHT YELLOW/POAB

1 1 "

2 1
2 1 "

1 2

1 2

2 2

2 2

1 3

1 3

2 3
2 3
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DATA FROM FIELD TEST K17

PPM

MICROGRAMS MRS PPM BADGE

TYPE AREA DAY A 9 C D HOU SING

MPINGER AREA 1 1 <0.1

2 1 <0.1

1 2 <0.1

2 2 <0.1

1 3 <0.1

2 3 c0.1

1 4 <0.1

2 4 <0.1

1 5 -- LOST

2 5 - LOST

Badge housing: W white, B Black

* Samples analyzed by the coulometric spike procedure.

G MID Dosimeter used as the color badge.

It contained two indicator sections:

Vanillin and PoDimethylaminobenzaLdehyde.

Detection Limit = 0.12 ug (cout)

Cuant limit = 0.4 ug (coul)
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DATA FROM FIELD TEST K18

PPM

MICROGRAMS HRS PPM BADGE

TYPE AREA DAY A B C D HOUSING

CITRATE AREA 1 1 <0.0D4 <1.0 W

1 1 <0.04 *<0.04 B

1 2 <0.04 B

1 2 0.64 01.0 W

1 3 0.68 U

1 3 <0.04 *0.05 B

CITRATE PERSONNEL 2 1 1.5 '1.0 U

2 1 <0.04 *<0.04 B

2 2 3.9 <1.0 U

2 2 <0.04 "<0.04 B

2 3 2.5 U

2 3 <0.04 <0.04 B

CITRATE BLANK 1 1 0.5 <1.0 W

1 1 <0.04 *<0.04 B

1 2 0.5 1.0 W

1 2 <0.04 1.0 B

1 3 0.82 W

1 3 <0.04 *0.05 B

COLOR AREA 1 1 ' NC/VAN, POAB

1 1 " NC/VAN, PDAB

1 2 " NC/VAN, SLIGHT YELLOW/PDAB

1 2 " NC/VAN, SLIGHT YELLOW/PDAB

1 3 * /VAN, SLIGHT YELLOW/PDAB

1 3 , NC/VAN, SLIGHT YELLOWI/POAS

COLOR PERSONNEL 2 1 " NC/VAN, POAB

2 1 * NC/VAN, POAB

2 " NC/VAN, SLIGHT YELLOW/PDAB

2 2 ** NCIVAN. SLIGHT YELLOW/PDAB

2 3 " NC/VAN, SLIGHT YELLOU/PDAB

2 3 " NC/VAN, SLIGHT YELLOW/PDAB

Detection Limit 0.12 ug (couL)

Quant Limit = 0.4 ug (cout)

Analyzed by couLometric spike procedure

GMD Dosimeter used as the coLor badge.

It contair-'d two indicator sections:

Vani Ltin and P-DimethylaminobenzaLdehyde
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APPENDIX D

Facility data sheets from the field testing of the citric acid sampler. The information was
collected by the industrial hygienist at the initiation of a test. It describes the area, operations, and
chemicals in the test location.
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FACILITY DATA SHEET

FACILITY NAME: L01-rCH K ~7-571,

FACILITY POINT OF CONTACT: P TOL 1 iAOv'J

DATE: '4u4JL.

DESCRIPTION OF FPEALTY /R: D-tv 5c ,rc- -

O')0r c,*zf Cc'±, I 0 L % ' ;( r'Qi 10 CX. J C6 -j'1 -'eA-+It ? cO.,c J 4'e. .. 2d- riq

Ken~-iS L C cek .-v + $ ~- .J-eaS ~\o,ni A-eC c cr-1 c o rxonec

Se d~r~ne~-~Irttd .~A-~c CC.I~ L~eopyiP c~v Yt4f 0  .jo

-md ("\eke K-:l( C l~cro o sI 1j loscl ~ce$

Ick- o.-z~'e . n C c.,j*ej *\lk e a v~rNco t~o ~jorte-c- o% 0670Ak
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FACILITY DATA SHEET

FACILITY' NAME: I- y m- c1 Io

FACILrlY POINT OF CONTACT: E T. ocu

DATE: iqnLs? - tal12

DESCRIPTION OF FACIUTYI/AREA: TrVPt l4 'percoo ( i-%t~onrce- a',- rnl-c(olt

c5~edNrr.r~ "'co ltbe *voided o~ o- cor\eb oo, 4-4n ic".koA Cr~pto~d- oeporf-Ncdj o~e. al

T -'e e k or r~oomb C-Qo' %op-. upered o e~'e tby e P-i've' d00rs-. A

DESCRIPT'oON OF OPERATIONS:

4-4 r,\eiqc t Mr\ - c~'\ v 4- i-hck<..A se-11e,~\ "p- 0,

on4.h4- O"SA 2?odl c'rck 0c-ord 'RC$ \o -e %oe k *n ser,4
- 4".OF4-0 \e lrsvo-kled on' anoc-r' -O~O-r fe 0-n cjr~c*%dliter .eurd .' 4 m

CHEMICAL SUB3STANCES USED/STORED:

-r-- km: yN--gl ,a \04te Cr on,.-rzr ne5 ea; O~-O
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FACILrlY POINT OF CONTACT: A.

DATE: al-417~- 1:Z1%v)T

DESCRIPTION OF FACIUTY / AREA:

SoCc~ Ce'i-e r. 7-e Mrdcus.rtoL 90,l a ;:, oca.4ed eav". -e orr~i-oC-nt

CC5~9 4Q~~a 0h ot na1 tvIgp +t Co C~tcot.Ch;nC.( fo-

OC '.C Sng e ck ' c l *h 0 , A-cc. 1~ ~ r,, 'Qrqn rrkLrd foi1 Sqe 'v e

DESCRIPTION OF OPERATONS:

Q . e oa 'po.e% Qr'd and~A O op eroAi 6rv5. 5 1 KS C re eyv5 G- d: c *ecIS

ar oJSo prepa.red r% 4 4he 5 r% c? Zr\'o oLd an tor' U. eup rne nd

CHEMICAL SUBSTANCES USEDISTORED:

IIqCg~ey- 4,'er),<tc enrr\, Aero~v~S f.,;ris Vre4-"CAe.A4, vaf-x

e-ax. lp.n pAj IOkCquotr' QN-YNd PCr.o5
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FACILITY DATA, SHEET

FACILITY NAME: f4oxncQo 'S LUI-f SJRGA 50.a-Nr~e

FACILITY POINT OF CONTACT: 15Mx

DATE: I's Its

DESCRIPTION OF FACIU1TY/AREA: Ac-rxci.- 5 So%.-h Arw'e)L E G6LC i . Gupcr 3.,tt^

Ck-"d Toy-e 10c " IOLQI,,-~bk1 o,,d ccyec-t0-,+. '5e"h-Ok 44e r i8 - O

c-rvd O 4 - no4ves - IS loo4~ ex 0 - ' or M %S:51 c'c3-r%\ j C PL llzijt 4 d~~ d o

DESCRIPTION OF OPERATK>NS:
A-nc~aQ'- S So-A, Rtr~r'\e.-x j44a Cov- c>ecY-oA- ,

re-(Qodr o - por.-l~Ale 'breojm r u-r 4 -s,s c PrE £iA-s 5ci~A~ iovei and )ooc-s

CHEMICAL SUBSTANCES USED/STORED:

Vreov-% W3 -L5opf-apyl At \CQV-ol, e.£3 odOc tjra ..
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FACILITY DATA SHEET

FACILIT-Y NAME: P, knaq Akroe *1

FACILrry POINT OF CONTACT: 7er gro

DATE: //IS /,/?

DESCR;PTION OF FACILITY /AREA: f:tI50 -c 0 -ko I~eo oc,)4.Ai C-- -

(A cQ ok 's -jel a. .. o cre.. or k~ 50 -. P 5- C-rcd ik9- l. To 4-ne no-r4II% ko

DESCRIPTION OF OPERATONS:

L'3 d r-e SAvt-cjc- ; Yec. is I .seC Se.o .5k),re Ortxck ryC.'" o

[Yr-A,1., t-J Q, .0- iNok 4, 0 1PO 5- 5 ) a.-a 'P- I .T7b e se oPf-c.M

CHEMICAL SUBSTANCES USEDISTORED:

c..r\c6 P P- I , VcO..*,.5, -c 5e o~j A-c, Lxol -r~ 0, key
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Ko-7
FACILITY DATA SHEET

FACILITY NAME: Aa-4 S.,f h-i;uy (ITF)

FACILITY POINT OF CONTACT: A~k kc- Lrr

DATE:

DESCRIPTION OF FACILITY /AREA: 7'IL 4-4f .sir 0-u h~t (a

~-s. wtx~/ ,#~'~ To &l( sorK& aij. -Rit 4k -4c-& i iiis

DESCRIPTION OF OPEPATIONS: 76 ~9. a~ uAI;Zd Iicz.c 'Atl

)d4AL+(Al 1 I 4VLI f/i #.W 4 t5+)., I mj av clclt 0$

CHEMICAL SUBSTANCES USED/STORED: l 4L/ 11(lL s-. r,.

Ay&~2~' J- w /L4 ,4& tfox £4 ,Kf fr4'; C1/

iJ~~~~~~~fU~~~~ f/ ckc ;" "(L, 'Os 6.I' ~

j Q91 seleA .
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FACILITY POINT OF CONTACT: v~ ~~~~C-; l--

DATE:14 2/

DESCRIPTION OF FACILITY /AREA: TL~ 41lt 141-f 7jit k4;I;y i*. /icah1 1 J4
B k oljhI AkizA"y hL#V/1UJ&P4 PA i;).t csi+ A~ 4wo JWeIIJ,

4v"%-A. 4-44 & 2.r I hit ctj huld h 44L us

4 .fL&/ca it Ij a-ACL ik -(o S"Vi-C4. Aoi I%, I Tfvw , Ai~l A. fc, mL

fv--pt&, Td P L soA4~ tw wt 4P iftL 4 cik Ii'l SW4d9 AtiA

-We.. ior4- 4 4L4~. -6c1;+y ;j X'i Loci~a Loqt~kj i~f .. S"'t.

DESCRIPTK)N OF OPERATIONS: IL w&u is kjth ACC4K~C. fak& fi

c~kw o ' Ac SkS~ 4+fik;t+j' r~if 'vz4 cmidq syJJkw. (4yc-

syA~). 4v{j- +W s-b&4, kJfwi-Y +s4y,) is IoA/~ s

CHEMICAL SUBSTANCES USED/STORED: 77-wi wA4'-

ylol4fTh L tfI W 4L 414 A of-P kyJry~rW/c #lviiJ. 41(ol
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FACILITY DATA SHEET

rA , T :._"_"_-D,,< _ . _'- /---_ s..-- ':'> i -

FACILITY POINT OF CONTACT

DATE: (,11c~/7

CESCR:PTIC., OF FACILITY: AREA " 'o -- , ",, ; . - - . ,- --

5 /0 , :Je -d' i ' &a__ Ie., Zoi R 715

o a C(- a &S _o . .,c . c.- 4-4e- /07

CESCRIP r;ON OF OPERATIONS:

/,, c V O e - a , .- 0 '-5 . ,e- -,c o , . -.r 'e ,t

.2 -Jcof- ll'..§I; loc-a fr- -14.= 1o27 -4 /e

CEMICAL SUBSTANCES USED,STORED:
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FACILITY DATA SHEET

rAC L :-Y 00:,.T OF OC'TACT ____ ___

DE5ZO::PTlON OF PACIL Th.AREA

T4,-SC Xl(- j Icbe j ~e+ Pd~ 114 orlaHU 0

3aK~ IM/.LJ fl qA. &,J 74~f 0A/ YWL 4- 914 OCiI-k Z- & A4

DESCP P TION OF OPERATONS:

A rooA4 vjaA-N cojw4 1/)~o~kv vw wk~- it /,oc tvk)1

rou ML x la c. ~/tk 4 1 w(Al A,,ti /14L faI;.M iri fW 114 Jh4JlJKA4

Ai & '±V~ rn . ww CfA , 1 (,. t. k1&L, reIA,j oko-i j~;Adhlr..- JA4)
pt - tLA^

Ct-E~.MICAL SUE&3TANCES USEDSrORED:
fD P

314A
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FACILITY DATA SHEET

FACILITY NAME: R. /L-i", lr,'rt S r!l ,L ¢ Li.o,,k e1 Jf-

FACILITY POINT OF CONTACT:

DATE:4L - ,/2

DESCRIPTION OF FACILITY / AREA:

1& s.; .rp 5 ., p,.y/sa tI,,, ,-t fi,,,. , F,C. ro,. S.J, ,/,l..

DESCRIPTION OF OPERATIONS:

[JO .,,. o,,. ..s .,.a ,-I- & ')b,,L ,t. 7", A t.

£vum !I l,.f. IOAJJ,,, dpw,.A6wJ 41 II1t. ii i ,tJ/,

pvJ Jt,,vk 14,. l",ulL- 1u, /,c,.,, v, H 117

CHEMICAL SUBSTANCES USEDiSTORED:
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FACILITY DATA SHEET

FACILITY NAME: VAA il,1kvrj.v" 15 48

FACILITY POINT OF CONTACT: _______

DATE: J-1711/f

DESCRIPTION OF FACILITY I AREA:

7 Di,4 s' ~ 610 wd IONA# (4,,. w 1-1, i.l , j LJ*It'sk" 4ZJf

tf. 1..- 1IOM ;i Ih#, ,L~.khJUf-9
WA p, Att s 17 f-f& " d ocv c t't , 4o,. Lao4 . j *.

,.pai jk 4ly 3 pupi /c 4,4k (omAi . VM'IA' 09~-W' vc'E hr0- A i4c _t

41It KDirw~.j A, 7tcaj, LiIAY .4k, t'L rj ,.J.
DESCRIPTION OF OPERATONS:

iT OPVX PAJ Wtw.*/e /'A C VrUX'. kv./Ii,,~

I A A A I "* -0),A4h.

CHEMICAL SUBSTANCES USEDtSTORED:
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FACILITY DATA SHEET

FACILITY NAME. 4p+ Sk.'If TA + f-a

FACILITY POINT OF CONTACT.:

DATE. /.- /7Y

DESCRIPTION OF FACILITY /AREA'

T6h O 4 6f+ -u f I~ .i lo4a1 jrvw J~ 40 AJ I

FilfJ . 7- + K t'. d ho [4/, k~l fw . 4 1v 14k (A Ik 641 t 1
"1

4-~40 c,4~I /0 t ~ILJJ itcI 4 /4 tAl' A J 4444 (#i+ c~ii 1 V.A1

/.(Lh~ !.4,Ls, 1 A~-1j lu., pi4), A jL...;c-f ok i kth/,9 t, Au

rDM.f, e.-v t+YA. 7p k JqVk A W 01 ,# AUc;Iel '+y f

DESCRIPTION OF OPERATONS:

nL K -J 14 -1dy Th( YJ4o 4t-k ii fptJ VK d4 14 , ?r iI

CHEMICAL SUBSTANCES USED/STORED:
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FACILITY DATA SHEET

FACILITY NAME: N~il' Prlui tji, ;Iy JB

r ACILITY POINT OF CONTACT:________

DATE:

DESCRIPTION OF FACILITY / AREA: fixAl
71,c WP ii ii-J " iJ 9, V#B.L ~ibO~~' ~kL~ 4~ I. ~~Al~_

10,4 ;v;i~lj41 1 A I6O60o r f 14. 0A" &.J 11 / Xj oxJ i pok A--

60L&~ C'Y6L $ jd(74 A, h 1Ii1e &n( wdl) fym.kV A.) /Itd 1,,41 "A/y4. '1 IA

641"A~oLJII1~ Or.JJ * A-4 iL 'W' PIdAf"Jr ";"k L4 W ~ V~1e4 0c V'4;4d

r'4& 8 o - O 04,bW K#,rl Cop vi.J# 4  -FWC ILlhllJ. bnL -Th uW 01 k Lj Ii'

DESCRIPTION OF OPERATIONS:

T4, 0f P ivt A rIow,'1 rtvbOA or ijr ' tfA' -

41~ ~ c.J v& I", +L OF a*c. drj 1 +rw rf~

CHEMICAL SUBSTANCES USEDiSTORED:
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FACILITY DATA SHEET

FACILITY NAME: E ;ri.., 4 "L, Fi U;I;y

FACILITY POINT OF CONTACT:

DATE: 3/2,7-3!111121

DESCRIPTION OF FACILITY /AREA:

T l.- Fac~il~ r' 1D 1t~K# o L AAF A,.

qcjj&. J 1,t 6,lu- ,", lk,.,L JA, #I", i ;/

DESCRIPTION OF OPERATIONS:

T~flu ha; y Iv4 nAAC .qt'. 61k 11X.A1 LfO EKVIif-w.Kv 44

u- ,-- U F h 2: . , 44. j , -.. ,m A

ALAY~42 A~tA AJ w~

CHEMICAL SUBSTANCES USEDiSTORED:
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FACILITY DATA SHEET

FACILITY NAME: 1--11 Ro:~~ffTep i 4-l Ll- .rf 7 £E4J34 1k(.

FACILI Th POINT OF CONTACT: S Z

DATE: /sIILI

DESCRIPTION OF FACILITY/I AREA:

74. EowToo4- l R afiy 4 TiP ii IiciY ARo* d~& /JF

~J R~4{~{ O- t&v~'+4:T kcy~u &. &.JfIy~ I1 A~

~w. 7, IL4 ~ Fv4 /14 1'.

Id~JkLI NdJ 0~ kL- 157 E&Th Ai-+,A S- ki Pi

DESCRIPTION OF OPEA1ONS:

bv # 1ti; ftskli pcwid , ?.; WL ow IA P -W

pqiji To Ll~ &u1 4 4 rtA - u ,4w.~a

~ vkJpsr4 r a. wL~

CHEMICAL SUBSTANCES USFO/STORED:
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KSC WEATHER CONDITIONS FOR 5/8-5/12/89

DAY TEMPERATURE degrees F CLOUD COVERAGE
high,low OR VISIBILITY

Mon. 5/8 79,54 sunny

Tues. 5/9 82,61 sunny

partly cloudy, heavy
Wed. 5/10 88,69 rains during the night

Thurs.5/11 78,67 mostly sunny

Fri. 5/12 81,54 mostly sunny

TOTAL TIME EXPOSED BY DAY (MINUTES)

Areas I and II Areas III and IV

Mon. 5/8 328 333

Tues.5/9 427 423

Wed.5/1O 377 356

Thurs.5/11 464 469

Fri, 5/12 340 335
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AvoLL L4 CIJw L4 -. SC c tp 71/il - Ilf

Tvu 1/31 f &j/I# 7VL' V. * 4 fv

T~-r ?h qlj 74 3,t~ of rV I
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FACILITY DATA SHEET

FACILITY NAME: i-nto rr)-9

FACILITY POINT OF CONT ACT: \ T-,

DATE: &1,S- , --- ~

DESCRIPTION OF FACILITY / AREA:

NC t N)Q, v-14c~kr,*cC. 5iic i-ool c&o cr rooC%'rsj crew-., rchvrck . 5''c

DESCRIPTON OF OPERATK>NS:

0-f-e- olbo prepacrec 'e- 44Iqe 5 \op MAr G-dV'Qn 90-tn- equ~emee--

t'cxr Qcr't rviocM-erkOn.r'Cc..-sAo o~c.rb "r\ 4k+Ae. c--\

CHEMICAL SUBSTANCES USEDiSTORED:

Tecvr~j-cs. npOt o r \S 4 -Wr ~~e4~ eoe

89



- eL

FACILITY DATA SHEET

FACILITY NAME: 14 'A n -C1 - 9 ,1

FACILrTY POINT OF CONTACT: FE-T. 7To-r\Gdo

DATE: ~z.5,8-1c~~- /

DESCRIPTION OF FACIUITY /AREA: T l 4 ype-oc~o lt 4e n~ ro0.-ce. lpc rn-i -'~ c,5

cy~llt 40 +he itW W'%c it)iIO. aS j.I~ ~ ol C'cels o-a'4 () co'--%r% roomn.

Tl-e-e ceitt oe -arn!m caro-, oc opea-ed Ira *V" -,!;Ce bY 10-"9t. PV*.'1 doors. A
NAe~ncc,% 51~ E upv- -'e.- 6hoe. o-nd o~Cc ct -e-t a~r- ci-ko \0c.A-ed

DESCRIPTION OF OPERATIONS:

%'aCroiw~~ore. Or'4- OM5 -od6a GoCci rarordcc c$ Oe- 0oe%r\ ser- + AN

CHEMICAL SUBSTANCES USED/STORED:

~ T ~ r.Aj TNC- I oV't-4~ 9-\ t.
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